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FOREWORD 


It is really a great pleasure for me to introduce “Human Anatomy” edited 
by my colleague, Dr. S. N. Sahana. I take this opportunity of congratulating 
Dr. Sahana for the splendid work which he has produced at the cost of a tremendous 
amount of labour, unthinkable for the resources of a single man. 

When, at first, a few years ago, I heard that Dr. Sahana was writing a Textbook 
of Anatomy, 3 was diffident, because, myself being an author of a book, I had the 
experience of the magnitude of work in editing a scientific book. However, 

I am now convinced that this book, which is beautifully illustrated with numerous 
comprehensive diagrams, most of which are original from the actual specimens, 
fully justifies the merit of a Textbook of Anatomy. Moreover, some chapters in this 
book, such as those on General Introduction, Histology, Topographical and Radiogra- 
phic Anatomy, are very novel and useful. The inclusion of an outline of the His- 
tological techniques in the chapter on Histology is a new feature of this book. The 
other chapters, also, provide all necessary information. This would minimise the 
stress and strain of a medical student who will collect many a fact from various^ 
books to face the ever-increasing curriculum. I am glad to say that the birth of 
this book, which bespeaks the long teaching experience of the author, would fulfil the 
long-felt need for a Textbook of Anatomy by an Indian author. » 

I strongly recommend this book to students of Anatomy who would be amply 
benefited by it. 
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r The magnitude of a book on Human Anatomy is, indeed, very great and it is a 
'pleasure for me that, at last, against heavy odds, with continuous struggle for the 
last 24 years I have been able to place before students a complete Textbook of Anatomy 
under the title “ Human Anatorry’', I have no idea about the facilities of editing a 
textbook of such a magnitude in foreign countries, but it is still a difficult task for an 
Indian to accomplish it. For many a year, for hours and hours together I had to sit 
by the side of the artist to get only the diagrams completed and I have a feeling that 
I have laboured much but my labour would only be amply rewarded, provided the 
students, for whom the book is intended, appreciate the usefulness of this book. 

This is on the whole, a Systematic Anatomy, both descriptive and applied, but for 
the convenience of students, a regional bias has always been given in places where it 
was thought necessary. The subject of Embryology has been treated both regionally 
as well as systematically and for this, some intentional repetitions have been made. 
Again, for the benefit of students, Topographical and Radiographic Anatomy have 
been dealt with together in a separate chapter. My close contact with the students 
of Anatomy for years has enabled me to understand their difficulties which are 
attributable to the progressive expansion of the subject of Anatomy and as such, 

I have spared no pains to minimise lengthy descriptions, but at the same time, 

' I have attempted to make the subject easily understandable. The chapter on General 
Introduction has been made interesting as far as practicable. Histology has been 
treated, in part, in the chapter on Histology, and in part, along with the description 
'of the individual organs or structures. A section on Histological techniques, as 
'required by an under-graduate student, has been described briefly along with the 
chapter on Histology. 

} The volume has been profusely illustrated with about one thousand comprehen- 
sive diagrams of which many are in colours and much care and attention have been 
paid to this aspect of the subject. In most cases N. A. P. (Nomina Anatomica Paris, 
1955) nomenclature has been used retaining the old ones in brackets. 

In spite of all care and scrutiny some printing mistakes have crept in, for which 
I am really sorry, and I owe an apology to my readers. 

I am much indebted to Prof. W. H. Hollinshead, Ph.D., Professor of Anatomy, 
Mayo Foundation, University of Minnesota for permitting me to reproduce some of 
the diagrams from his book, Anatomy for the Surgeons Vol. I, published by Messrs 
Paul B. Hoeber, INC. 

I am glad to express my heart-felt thanks to my professor. Dr. M. L. Pan, 
VI.B.B.S., L.R.C'.S., F.R.C.S., for his encouragement and guidance in compiling 
his voluminous book and for writing a “’foreword” on this book. 

I beg to offer my sincere gratitude to the Director of Health Services, Govt, of 
Vest Bengal and to Dr. P. Bose, M.B.B.S., Professor of Anatomy, Calcutta Medical 
College, Calcutta, for permitting me to draw sketches and take photographs of some 
f the specimens from the Anatomical Museum, Calcutta Medical College, Calcutta. 

. I beg to offer my sincere thanks to Dr. K. K. Banerjee, M.B.B.S., Ph.D., Reader 
i Anatomy, Calcutta Medical College, Calcutta, for lending me some of his hlstolo- 
cal slides for microphotography and for helping me with some notes on histological 
chniques. 

I am thankful to Dr. N. Goswami, M.B.B.S., Ph.D., Reader in Anatomy and 
r. S. Mitra, M.B.B.S., Assistant Professor of Anatomy, N. R. Sircar Medical College, 
alcutta, for many valuable suggestions generously offered. 
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I am glad to express my sincere gratitude to Dr. H. Rakshit, D.Sc., Professor of 
Physics, Indian Institute of Technology, for contributing to the text on the funda- 
mentals of ‘X’ Rays and their applications. I am also much indebted to Dr. R. K. 
Pal, M.Sc., M.B.B.S., M.R.C.P., D.Sc., Professor of Physiology, R. G. Kar Medical 
College, Calcutta, for revising the chapter on Histology and for lending me some 
of his histological slides. I am also much indebted to Dr. H. K. Chatterjee, M.B.B.S,, 
D.A.E. (Paris), F.R S.M. (London), Head of the Dept, of Anatomy, University 
College of Medicine, Calcutta University, for revising the chapter on Embryology. 
I beg to offer my sincere gratitude to Dr. Bhupen Bose, M.B.B.S., Ex-Professor of 
Anatom>, R. G. Kar Medical College, Calcutta, for permitting me to do some 
special dissections in his department and to utilise the Anatomical Museum at R. G. 
Kar Medical College, Calcutta. 

I beg to tomey my thanks to Messrs Paul B. Hoeber, INC., Messrs W. B. 
Saunders Company, Philadelphia and London, and to Messrs Lederlc Laboratories 
Ltd., for permitting me to reproduce some of the diagrams from their publications 
which have been duly acknowledged in appropriate places in this volume. 

Thanks are also due to Dr. P. R. Deb, B.A., M.B.B.S., my colleague, for pre- 
paring some of the dissected joints and for his co-operation in preparing the chapter 
on Topographical Anatomy. 

Thanks are also due to Sri Ranoj Kumar Nag and Miss Chitra Sen, my pro- 
sectors who hare 1 clped me in preparing some of the dissected specimens. 

I am also grateful to my colleagues and well-wishers whose constant encourage- 
ment was a source of impetus for me for this vast work. 

Thanks arc also due to Prof. A. K. Sanyal, B.E., A.M.I.E. Bengal Engineering 
College, Howrah, for his active help in the designing of the microphotographic 
arrangements and to Dr. P. N. Chatterjee, B.E., Ph.D., for taking some of the micro- 
photographs at B.E. College, Howrah. 

I am also thankful to Dr. R. Dutta Gupta, one of my students for helping 
me in preparing the index. 

Thanks are also due to Dr. Dwijapada Chatterjee, who has just left for England 
for higher studies, for doing the proof-reading of some of the designs, 

I am much indebted to my publisher Messrs ''The Central Book Agency", 
Calcutta, but for whose encouragement and help it would not have been possible to 
get this book published. 

Further, I beg to offer my sincere thanks to my artist, Sri L. K. Roy, but for 
whose patience and skill the diagrams would not have been so nice and accurate. 

1 must also thank “Biswasr!" Sri Monotosh Rov and Sri Satya Pal for allowing 
m. to take a few snaps of their physical poses. 

Last but not the least, I am much indebted to my w ife who courageously faced 
many hardships owing to myself being heavily engaged in the preparation or the 
manuscript for long yean. 


Autho* 
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GENERAL INTRODUCTION 

The subject of Anatomy. Anatomy is the science which deals with the study 
of form and structure of any animal. When this study relates to human body ivccaU 
it a Human Anatomy which is the subject matter in this book. When we think of 
. Human Anatomy we must also think, that to learn it, we must have a set of bone, 
a dead body, and a good book to guide us. The subject of Anatomy is a vast one 
and it is impossible for any one to memorise all the facts related to innumerable 
structures of which the human body is made up, and in fact, it is not necessary. 
Therefore, no one should be scared off about the magnitude of the subject but 
he should try to learn how best the subject could be controlled leaving aside things 
of no practical importance. 

Methods of Anatomical studies. The structures of which the human body 
is built up can be studied with unaided eyes by dissecting the dead body or by othei 
methods, and such studies based on naked-eye impressions are included in Gross or 
Macroscopic Analoniy. Whenever we want to know about a structure in more detail 
beyond the scope of naked-eye vision we need the aid of a microscope, and the study 
of Anatomy with the aid of a microscope is known as Microscopic Anatomy or Histology. 

The ways in anatomical methods. There arc various ways in which the 
study of anatomy can be undertaken and for this, Anatomy can be subdivided into 
the following sub-groups to suit various methods of studies : 

Anatomy 

Living Cadaveric Embryology Experimental Topo- Applied or Clinical 
Anatomy Anatomy Anatomy graphical burgical Anatomy 

Anatomy Anatomy 

The Living Anatomy. 'The field of the living anatomy is very much limited 
and the studies in living anatomy are incomplete without the knowledge of cadaveric 
anatomy. Therefore to study a particular structure, observations on both fields 
of anatomy must be correlated. 

There arc various methods by means of which anatomical studies can be carried 
out in the living body. The following are the usual methods in living anatomy : 

Inspection. By simple inspection many a fact in anatomy can be correlated 
in the living body as for example, the form, shape and position of the clavicle or 
collar-bone can be ascertained by simple inspection at the root of the neck from the 
front. Similarly, by looking into the surface features, the form and position of a 
X underlying bone or a muscle or the form assumed by a muscle during contraction, 
can be judged. 

Palpation. By palpation or by feeling by the hands, the facts ascci tained bv 
inspection can be verified and a deeper structure unseen by uaked-c\c vision can 
he explored. 

Percussion. This is a method in which by tapping on the sm face ol the bodv 
by lingers, as shown in the accompanying diagiam, and by noting the diflVumc 
in the tone of the sound the outline of an underlying viscus can be ascertained. 

Auscultation. By lira ling the sounds with the help of an instiumrnt railed 
stethoscope, the functions of some of the organs in our liody cm be understood. 

The methods of percussion and auscultation arc not usually practised •« • 

clinical courses. However, they aic widely practised in clinical courses. 

Endoscopic examinations. There arc some instrumental devices b> mc.u 
* of which interior of some hollow viscera can l>c visualised and impressions al 
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thcjr internal pattern can be gathered. Laiyngoscopc, bronchoscope, ocsophagoj. 
cope, graroscopc, sigmoidoscope, proctoscope, urethroscope, cystoscopc, etc. alt 
■ 1 ■ - -j instruments met! for examining 



; • .vI.rriyAi-, 
(V-tPe-nsrA - , - 1 ■ : “,C-*>rVV^y 



•mnwilinu UXU JUl CXainilUDg 

the interior of the larynv, bron- 
chus, oesophagus, stomaclt, 
.sigmoid colon, rectum, urethra 1 
and^ the urinary bladder icspce- 

Radiography or Radio- 
graphic Anatomy. With the 
improved techniques in radio- 
graphy, the study of anatomy 
by X-ray or by Radiography it 
gradually growing in importance 
and it has been integrated in 
anatomy as a method of study 
Many a fact in cross anatomy 
can be revealed and demons trated 
in a skiagram, and some of th< 
organs may be seen functioning 
through fluoroscopy (by looking 
into the screen cm which sliadmvi 
fall) 


>u>7 O! A-iuy, It is a w«; 
Known fact ihai a gas under noniwl 
conditions is .1 b,id conductor of ctertn 1 
♦■a) Undcc special eirrutrouncrJ, 
tiowivir, 1 1 can l>cromr conducting. h* 
example, the insulation property 
ordinary dr> air at atmospheric pressure 
Orcaks down when it u subjected 

, strong electric fields. If, howetrr, she 

° r a , n a ' m osphcre, then electric current can J.?!®! 1 ^ Ia " crr<l “» about a fc« 
J ? W vohaec5 - when the gas ™™ ' " ’f ” 3 , dc ‘° ihro ^ h h ««» *' com P a ‘ 
one m *lliontli of an aimov P n * lW,,3r «' “'he is very much rrduced, W 


"Eft* 01,1 ,h f margins of the heart 
and the upper border of liter. 


j 7 . vv “ a ecs. uut when the 

tlhfw 10 , d ^, ou * one milliontli of an aimov 
p,acc on, y under 

S tud.™ ,t Calhodc ra >’ s ”- h^stcm.itir 

\V,11 r? ra > rs - notably bt s, r 

K « l f ° ,hc condlu!on 'hat 
Sric cLS ' 13 ***“- 

Die cathode rats were found in 
rnn^f m , 8ny lnlcrC3,m f? properties and 
. r “P , ‘“ y ^ trac, « i 'he attention* o” con- 

and the fluoJSIr. >etwecn die tube 



"mnvrklS'Y'mn J.°T. IiS ' 2 ' A "* u,, » i "5 U.c bt 

definitely difa™, f rom "'^nT the rootpk.r.d , bnt 

ays RocnI gen designated t| iem af X-rays. 1U 
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discovery was announced in 1B93 and within a very short lime X-ra>* were licing produced and 
studied jn nil tlic important laboratories or the world. 

Uses. Although more than 55 
jean have elapsed since the divoovery 
of X-ra\ s, it is hardly jXHsible to over- 
estimate their usefulness. X-ra) s arc 
now generally recognised as a very 
powerful tool for investigating the 
atomic and molecular structure of 
materials. 'Ilicir multifarious use in 
medicine for diagnosis and therapy, 
itt biology and genetics arc widely 
known. They alio provide convenient 
methods of supplementing chemical 
Tvxihermorr, )!>r imbuitiai 
application or X-rays is rapidly in- 
creasing. Various kinds of inspection 
jobs in the metal industry arr now 
1 icing carrird out with the help of 
these rap which provide a suitable 
method for the non-slestmetiv c testing 
of irregularities in materials such as 
blow holes, cracks, ctr. Consequently 
X-ray equipments of special construc- 
tion are bring increasingly harnessed 
to modern engineering workshops and 
shipyards, lor fluoroscopic exami- 
nation of packaged fowl products and for the detection of foreign matter sucll as nails in auto- 
mobile t) res and many similar jobs. 

Typical X-ray tubes of simple design 

figure I shows the diagram ol a simple gas-filled tube wliivli has been mmIccI off at 1* after the 
desired gait pressure has liecn attained. 'Fite concave aluminium cathode C focusses the cathode rays 
on a small region in the tungsten nnticalhodcT which is connected externally to the anode A. llierc 
is no provision for cooling of the larget and as such the lube is not suitable for continuous OfKratiun 
at high power. The tube is operated with high voltage of correct polarity making C negative and A 
positive. Recently gas lubes of special design have been produced which can be operated directly 
from a high voltage transformer without a rectifier. These arc self-rectifying tubes. 





X-RA/S 

Tig. 5. A high vacuum X-Ray tube* 


Figure 5 shows the diagram of a typical high vacuum type X-ra> tube in which the cathode C is a 
tungsten filament which can be heated to incandescence by current from a battery by a suitable low 
voltage transformer. The electrons emitted by the cathode are attracted by the anode acting also as 
the target maintained at a suitably high positive potential with respect to C. Hie anode back-exten- 
sion is provided with metal fins which dissipate by convection and radiation the heat generated m the 
target. The filament C is generally surrounded by a metal cup (not shown in the figure), which 
serves to focus the electrons into a beam. 

Medical application of X-rays, The medical applications can be broadly 
divided under two categories, (t) for diagnosis including fluoroscopy and radiography 
and (it) for therapy such as curing skin diseases and killing malignant tumors. As 
pointed out earlier, the basis of diagnostic radiology is the differential absorption 
of the part to be examined and the surrounding body matter. Diagnosis of bone 
fractures, diseased teeth, location of bullets, pins and similar foreign matter in the i 
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body, stones in the Udney, detection of the lirst traces of tuberculosis, arc some ofth? 
loutine performances of radiography. 

riicic is nothing Jike a lens of an optical camera in an X-ray diagnostic* 
apparatus. Tn. fluoroscopy nr radiograph) we get only shadow pictures and fa 
Sharp definition and contrast the X-ray source must be as far as possible a point 
source. The specimen to be studied is therefore placed at some distance from the 
}“„* I '°[ g ™ d c , on l tr f t * h e wave length or tube voltage and exposure time should 
h ,?,S r ft I Y ad J ustr ^ depending upon tlie part to be examined and also upon the 
a,ld «P»ure arc considerably Jess for a chiU 
I™ for radiogr=Jlh>. rOSCOpiC i, ” 1 ’ cc,! ‘ m ' > ,,a ,ul “ ™ lla S« arc muall) 

d ,.j2 X '? y il ** noted tiiat the lethal elTectj ofX-m 

Vr^soft d “ c also varic! wi,h ,llc typo orecll concerned. 

ec 7 ent t etc 'll.* Wlt l c t f 5 ^, tor treatment of various skin dkeascs like ringworm, 
,Z ™£ A. ^eprntcd mal.g.nmt growth!, arc rather difficult to he treated, 
Stated VenTh “■° l ’ Kse ra V s on the skin which ncccstarily mutt be 
hardr! 5' 1 - is resorted to in .ucll cate,. The 
may he destroyed lw T ■, ^ rnds upon the lact that abnormal growth like cancer 
Sre^ “y* "W* do no f produce harmfa 

by noting the'acuon^nnn-nt^^ 1 *^ /'his, is a mc *hod in living anatomy in which 
muscles in a recorder iiutnimenf n ' ,cl “ at i ion of a muscle or a group c 

apparatus) the acthity of a mmrlJ ' ^ ctrocncc P l Olograph with clcctromyograpl 
mL ement can bfcletcrnuLl. 51 gr ° UP ° f mmcl « 5 " * P^ticularj'ofn 

electric fluctuation nA "‘l! 1 n,in ' mum contraction can produce at 

contraction the rreciuencv^\nd C \ftltao *** Vol *ft c *°** ™»iv°lt. With strong* 

tuation and voltage during a nartS/™ . lhu ? f [ 0m tl . ic . stut | >' of electric flue- 
be determined S P ar movement the activity of each muscle r - 

The aonaratiik C — 


cum 
of 75' 


elcctromyograp'h''* An ^wSldhionetl”* C ‘ Sl i' cha ? nel olcrlroencephaltlgrJ^ , ' 

>" to BO'F is necessary P,“,*i d ’ “"^-proof room with a temperature 

examination is to he cSStcd , i™”'!?':’' »"««* it who® to 

weight as a resistance in a pauicular „ a , ! a it dre2 r :lnd sltould use a light 
or a group of muscle has to lie determine r m w ud ,“. lhc acUvit y of » mm* 
and co-axial needle electrodes are osed Ti,* [ purpose both surface 

surface of a particular muscle mil it,/,- . • * ur ^ ac p electrode is placed over the 
fibres. The surface electrodes rive a Ln^wt* 8 necd c is »»erted into the muscle 
the co-axtal needle electrodes gfve an Eft?™., SU {? cy °, f thc w,lolc niuscIc whereas 
of muscle fibres. The action B potentia? 23 r ab ° Ut thc £ cUvUy of a small group 
group of muscles during variou? dES?. 5 «? ? cc * u f nc y of individual muscle or a 
activity may thus be evaluated ir C S n,ract,on are not ^ and ‘he muscular 

reused. tCd * fn ««ofdecp muscles only the needle electrodes 

JJLfJf c f davcr or the dead bSv* ^In'radawr" a,wtom >' Is ^ased mostly on stud 
y b ' ,aU " «P hvo nap, " ,C ,l ‘" ly ° f ‘ hC 


g 1 ’ J *nd regionally. 

coneSPT 1 '^”^'!^ i„ y toSeeo,"“"’," ,V ' ‘ ,e P“ di »g on the futtetio 
to^rthir*" l ° su ^ servc a common function Itm™ ystcn,s . a,1 d the structures those? 
Si r '!* a , P ai ttcular Sysl( J M®?* “«*w varying they may be, air giouf 
1 lnl ° l ' c following systems : u y ‘ ^ ,us the human body has be 

(1) Locomotor system ■ -n.'. 

ormm-ementsandtheatr^uV^gS" ¥ concerned in iocomoti 

movements arc bones and cartilaj 
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muscles and joints and thus the locomotor system has further been sub-divided as 
follows : 

(a) Osseous or skeletal system or osteology. This part of anatomy deals with the 
various bones and cartilages that build up the human skeleton. 

(t>) Muscular system or myology. In this section all the muscles of the body have 
been grouped together for their study. 

(e) Articular system or arlhrology. This is the section that deals with all the 
joints of the body. 

(2) Visceral system or Splanchnology. In this system all the viscera, except 
the hrart with the blood vessels, which has been included in cardiovascular system, 
have been grouped together. The visceral system lias further been subdivided 
into the following sub-groups : 

(a) Alimentary system. In this system the alimentary canal (beginning from 
the mouth upto anus) together with the associated glands such as salivary 
glands, liver, pancreas etc., has been included. This system is mainly 
concerned in ingestion, digestion and absorption of food and elemination 
of non-absorbabfe residue as stool. 

(A) Respiratory system. This system consists of lungs and the associated air 
passages namely nose, pharynx, larynx, trachea or windpipe, bronchi 
and bronchioles. This system is mainly concerned in gaseous exchange, 
and works rhythmically in inhaling (inhalation or breathing in) and 
exhaling air (expiration or breathing out). 

(e) Endocrine system. In this system different ductless glands have been 
included. These glands secrete chemical substances known as hormones 
which have profound influence on the body mechanics. 

(rf) Urogenital system. Consists of urinary and genital organs. The urinary 
system consists of kidney, ureter, urinary bladder and urethra and is 
concerned in elimination of waste products in the form of urine. The 
genital system differs in the two sexes; in male, it consists of testes and 
their ducts, vas deferens, prostate, seminal vesicles and penis, and in the 
female, ovary, uterine tube, uterus, vagina etc. and are concerned with 
reproduction. 

(3) Cardio-vascular system or Angiology. In this system the heart with the blood 
vessels and the lymphatics have been grouped together. 

(4) Nervous system or Neurology. It is that part of anatomy which deals with 
the brain, spinal cord and the various nerves. It is subdivided into central and 
peripheral nervous systems. The central nervous system consists of brain and the 
spinal cord whereas the peripheral nervous system is further subdivided into somatic 
nervous system and autonomic nervous system. The autonomic nervous system 
has sympathetic and parasympathetic components which are concerned in controlling 
the visceral activities. 

(5) Integumentary or cutaneous system or dermatology. This system deals with the skin 
with its appendages, that is, hairs, nails, sweat and sebaceous glands. 

(6) The organs of the special senses . That is, the organ of vision, hearing, smell 
and taste, have been dealt with separately. 

Regional Anatomy. In regional anatomy various structures of a particular 
region of the body are studied together with their relation to one another. As for 
example, when we study the region of the forearm, we read about the bones, muscles, 
vessels, nerves, lymphatics, joints etc. which are found in the region of the forearm. 

In regional anatomy, the whole body is subdivided into five regions, namely, head 
anil neck, superior extremity or upper limb, thorax, abdomen, inferior extremity 
or lower limb. 

Embryology. Tt is that part of anatomy which deals with the development 
of the embryo from the stage of fertilisation upto the end of prenatal life. The 
study of embryology, during the earlier stage, consists mostly of histological methods, 
and during later stage, both histological and macroscopical methods arr used, w 
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Comparative anatomy. It is that part of embryology which deals with the 
comparative study of gross anatomy and embryology of animals and man. Such 
studies explain many a fart in anatomy and is essential for better 'understanding of 
the subject and its evolutionary history. 



I ig C. Diagram* to show some of the embryolngieat events 

Tt a "r£ erm 'Vr 700 'T ^ alc ccl " • C=Union between male Sc. female 
n«=Ovum (remale sex fell) ; l) = Z>gote , E=.Moml a ; j\ 


‘x cell ; 
■roctu*. 


i h S‘™'r TAL ;'“ TO '! v - 111 «' d “ to study tlic functions, growth and 

ireriXonaX'"'"' 1 " U! t“' ? nor "“ 1 and ttbnormal conditions experiments 
nmttmv In iV i ^ “e d Illch sludl '? co!me ,md ' r th ' purview of experimental 
5'S ,ome h ob . s " va, ‘'"" ««. made in living animals or living tissues by 
SSZ ?I ,tnm . en,al techniques, as for example, the Inmptml chmtn 

, , experiment a puncture is made in a rabbit’s ear which is fixed 

^mayhav^tt, 5 a " a 4 ^ BV.IteS^rto^M^S^ 

the skirt iXhusTXs X ‘°,? mon , ° r a I™ 1 ™ 1 ” .tSSure in relation to 
skin without much disturbing rtuf r °f- C ^ m ^ »* Structurc ’ "■hen necessary, from the 
outline, Ty eW £ no SL „r" T' , b '”ing in mind the normal 

source or some oX £ Xv,l par "'“ ,ar or S a n may also be determined, or the 
organ or structure by sL yi„g!„ suefaefSoX “ P ' ,!th 1 l’ arlta,Ur 

branches XomS facts'^e'MrrSMed' fo7tl°e X*' 5 '? 8 medicine or its other 
treatments. Such studies are nnt i atccl . , ' e of successful operations or 
the pathological conditions but they a^eShcbruHnd" und . ersta " din « of some of 
Clinical Ana™*™ v ■ 7 • . hc, P rul m diagnosis and treatment. 

1 toniy it would l>e interesting to note the loT fhC ! . m P ress5ons about the normal ana- 
and Vt hen some of the clinical condition*^?"^ m . aI) j 0rm , aJ conditions (diseases), 
1 cond «*ons arc exammed and are compared with the 
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condition in normal anatomy we call it a clinical anatomy. As an example, a case 
of nerve paralysis may be mentioned. Whenever a student with his knowledge of 
anatomy of a particular nerve gets 
the opportunity of examining a 
case of the same nerve paralysis 
lie will be able to correlate his 
anatomical knowledge with the 
clinical condition involving the 
nerve. This wilt give him a better 
impression about the functions of 
the same nerve and would create 
more interest in his studies. Simi- 
larly palpation of the inguinal 
canal and examination of a case 
ofinguinal hernia will create more 
interest in a student in his studies 
on the anatomy of the inguinal 
region. 

Minute or Histological An- 
atomy. In histological anatomy 
tissues after necessary prepara- 
tions are examined under a 
microscope and details of the cells 
and intercellular structures arc 
noted. 

Preparations necessary for ex- 
amining the tissues for microsco- 
pical study, or histological techni- 
ques, are elaborate and painstak- 
ing, and it is beyond the scope of 
this book to go into details of all these techniques. However, considering the needs 
or a undergraduate student some of these techniques have been described briefly 
under “Histological techniques”. 

Fundamentals of Anatomy. With what amount of knowledge an individual 
is capable of acquiring a sound foundation in the subject of anatomy, is a question 
difficult to be answered. However, I consider the following to be important in 
respect of the fundamentals of anatomy. 

(a) One should know about the general plan of construction in each system and 
should possess a fair knowledge about the workings of such system. 

(b) A fair knowledge about the tissues of the body is an essential prerequisite 
to sound fundamentals in the subject of anatomy. 

(c) Moreover, it is known, that the knowledge of anatomy ripens then only 
when the knowledge of physiology is added to it and therefore, anatomy and 
physiology should be read together or at least definite co-rclation should always be 
maintained in the study of these subjects. 

(d) Further, it seems that regional study, in most cases, is more suitable for the 
beginners than other methods and for this, bones and soft parts should be read together 
as far as practicable for a better foundation. 

(«) Lastly, but not the least, methodical dissection is the key to the fundamental 
knowledge in Anatomy and every one should stick to it with all care and patience. 

Dissection as a method of Anatomical stndy. Dissection on the dead 
body is an old method and it still stands the test of time and in India this is the method 
most widely practised for studying the subject of anatomy. By dissection the disposi- 
tion of gross structures can be displayed well and the impression gathered therefrom 
is not far from what is seen actually in the living body except for minor deviations 
ofless practical importance. 



Tig. 7. Palpating the inguinal canal. 
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To the dissector. 


\~"i To do dissection on any part it is the duty of the dissector 

lire full tint hand knowledge about the structures in the part to be dissected, 
r\? n f £° °" S tru,h ,* lt is sun r> ll,at he 'should be disappointed at the 

; ol his labour and cncrsrv . became wiihnui Tull „i .1 . . 


to acquire f 

an< l V ,1S tril,n ' 11 * s sure . «>at hr would be “disappointed at tin 

expense of his labour ami energy, because without full knowledge aboiu the struclura 
beforehand no one is sure what damage die point or the scalpel will do. r.xnericncd 
anatomists recommend that before mulct taking the dissection, the student, fint of 
a l, must acqunc full knowledge about the liones of the part to be dissected; lie must 
also know about all other structures to be found in the part and at the same time he 
should have fair knowledge about die topography of the main structures of the cart 
Only after acquiring these knowledges he should proceed to know about the rreot- 
uiscd lines of incisions and methods of approach to the structures sien 1 

The plan in this book. There are 
numerous books on the subject or anatomy 
by vanous authors, mostly foreign authors of 
monumentous work on the subject to their 
credit. These different authors have dealt 
the subject variously to -suit the needs of 
varying grades of students. The general 
outlay m this book has been planned 
»n a systematic basis. As both regional 
and systematic studies have advantages and 1 
disadvantages, in treating this book I have 
attempted to combine both wherever possible, 
,JS, a , v JFV *° F«cnting to the students 
u C ? °f botb and thus, embryology has 
!S .T a C . d sc P arat cly as well as regionally, 
V re t0 P°2 ra phical anatomy has here 
included m a separate chapter for the sake of 
continuous study which is considered nccessa- 
trr-k,L| lhC cx f* m . ,nces - The histology has been ' 
muwirt •'? 11 separate chapter and in 
part with individual organ 



Anatomical Terminology. In order 
„ “ noraenclatinc for all rccognited 

A ™ omisl! from different part! of 
the world with continuous efforts, lunhcot 
^tontaHtilia nomencUture agreeable to 
mow m nCd i ™ 1 . 1 if trading a book on ana- 
“B N A o rcat!cr tvill frequently sec the word 
scorn -m t??,*, 1 " ra mc a structure, The 
‘ ,I!ascl No " ,;n '' 1 


inory 


• ,, ■. uasci ixointw.* 

JF 3 ,* Inis has been adopted in me- 
, lr Anatomical Commission nf 


r,B * 8 ‘ Anatomical poJii ron . 


v. n ,„ , , ■'^naiomical Commission 
Nomenclature ,h at met at Basel, Switzerland, 
n ulS' Thc aN -A.” Commission for- 
oldon^ "v V , nomcnc L Iaturc in place of the 

b V r™„m h S , ,r- rC , tho VS l '‘ to be unscientific 

of “It V A » name n r il°^ *0°^ having named after the 

held Mil '’.""'“C'ature war done at™, m," d““>vcier. Furtl.er revision 
k„ mm' “ ® in 1933. Tim rU,Vd 'em . “'’S'' 55 ° r anatomists 

inSe?aft'TrSre 5"™””” is WW 

name of a structure by die world "B.r!” ™ v ° s " c a "' 
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Anatomical position. This is the position of the body chosen by the 
Anatomists for descriptive purposes and for this, the human body is regarded as 
standing erect with eyes looking forward 

S and arms by the side with the palm of the 
hand directed forward. 

Anatomical planes. In order to 
coronal study the relations of the deeper structures 
sections of a particular part section is made through 
• , 2 , J the part and the line of section is known 
as the plane of section. The following 
j i tn arc the different planes through which 

Y) ) ^ y I sections arc made for anatomical studies. 

kW P THAMJVfMt _ . _ , . . , 

sections Sagittal plane. Any vertical, antero- 

8 . s .10 posterior plane, (including the median 
plane), that runs parallel to the sagittal 

Os. 3. Anatomical Wane, ° f ,hc sku!! > is kno "'» « lhc ‘’S 11111 

plane. 


Coronal or Frontal plane. Any vertical, side to side plane that cuts the 
sagittal plane at .right angle, is known as the coronal or frontal plane. It runs 
almost parallel to the coronal suture of the skull. 


Transverse plane. Any plane that 
cuts the long axis of the body or part 
of the body at right angle is known as the 
transverse plane. 

Anatomical relative terms. Taking 
the anatomical position as a guide descrip- 
tive terms are used according to the 
relation of the structure to its environment 
and the following arc the terms commonly 
used. 

Anterior — looking forwards or towards 
the front. 

Posterior — footing backwards or to- 
wards the back. 

Superior — looking upwards or above 
or higher or more cephalic. 

inferior — looking downwards, or 
below. 

Medial — nearer the median plane or 
nearer the middle line of the body. 

iMteral — away from the middle line 
of the body. 



OCCIPITAL BONE 

1’ig. 10. Top \ iew of human skull to show 
Sagittal and Coronal Sutures. 


Anatomical relative terms used both in man and animal 

Ventral. In human body it is described to denote “towards the front of the 
body'* or “towards the belly” of the body, but in animals it means differently 
to denote “looking downwards” because the “helley” in animals looks down- 
wards. ‘ < 



10 


HUMAN ANATOMY 


Dorsal — reverse to that or ventral or towards the back. 
Cranial — close to the head or headwards. 

CauJal — away from the head or taihvards. 

Rostral — same as cranial. 


In the limbs the following terms are used with reference to proximity of any 
-hire either nearer to (hr trunk or further Horn the trunk. 




HECMAN KANE 

Tijr. 12. Diagram to explain the term* 
“medial and lateral". 


Proximal nearer to the trunk. 

Distal — away from the trunk. 

r volar {pertaining to t'he pabn^fhandt an f thc f 001 onI >’« such as palmar 

S me palm of hand) , n the hand, and the plantar in the foot. 
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the sole of the foot) is used synonimously with the term “inferior” in description of 
t!tc structures of the foot. The common term “dors.il” used in description of the 
structrucs of the ham! and the foot, means reverse to that of palmar and plantar. 



Fir. J3A. Diagram or. a man !o 
explain anatomical rrfjlivr irnn* 
lx>ih in man and animal, 


Other terms : 

Interior — Inside. 

Exterior — O u tsidc. 

Invagination — Inward bulging of a wall of a cavity. 
Evasinalton — Outward bulging of a wall of a cavity. 
Superficial— Nearer to the skin. 

Deep — Further from the skin. 


INTIRNAl ASPECT 



Tig. 15. Diagram of a cup to 
explain the terms Inferior and 
exterior. 


Pre-axial and post-axial borders. The borders which separate the anterior 
and posterior surfaces of a limb are called pre-axial and post-axial borders with 
reference to their relationship with the original axis of development of the limb bud. 
The pre-axial border faces cramaliy whereas the post-axial border is directed 
towards the caudal end. In both the upper and the lower limbs the first digit, that 
is, the thumb in the upper limb and the great toe in the lower limb, corresponds to 
the pre-axial border. The opposite border in each case corresponds to the post-axial 
border. 




An unstained electronmtcrograph of a ceil from a normal rat liver. 
Explanatory Notes ; 

An unnamed electron micrograph of a tell from a normal rat liver. fixed 
In osmium tetroxide 2%, buffered to pH 7.2— 7.4 after Zettergvlst, embedded 
mtpon 812. and sectioned at about 350 A by an ultrotome. The picture 
shows a part of the cytoplasm, with Its constituent*. M— represents a 
mitochondrion. The arrow points to one of the several cristae of the 
mitochondrion, m— a microbody with Its single outer membrane and an 
electron dense Inclusion, believed by some to be the precursor of 
mitochondria. E.R.— the endoplasmic reticulum with its attached rlbonudeo- 
protem particles, gl— shows the glycogen areas— distributed heterogenously 
over the cytoplasm. ( magnification— X 50,000 ). 

B / courtesy of Or. Tapaa Hukh«r(«e 
Chimranjui National Cancar Rncarch 
Ctntft, Calcutta. 


I To face page 1 3 ] 
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Mitochondria. They are granular, rod-shaped or filamentous bodies within 
the cytoplasm and are capable of motile movements. They undergo segmentation 
or occasionally they reunite together within the cytoplasm and are believed to be 
concerned in the pioduction of intracellular substances, such as enzymes, etc. 


* 


Vacuoles. They are structureless empty areas within the cytoplasm and may 
be temporary or permanent. This is often called the “Little stomach of the cell” 
in which processes of digestion and assimilation take place. When a Foreign body 
enters into the cell, vacuoles surround the foreign body which helps in destroying 
or digesting the foreign body. Vacuoles also occur in certain degenerative 
'changes of the cell. 

Metaplasmic inclusion. They consist of granules, the products of secietion 
and excretion of the cell, which are temporarily stored within it until they are elimi- 
nated by excretion, and food droplets in the form of glycogen, fatty substances and 
other food elements. 

Granules are permanent constituents of the cell protoplasm and chemically 
' a tc compounds of protein in the form of nucleo-protein, glycoprotein etc. In the 
1 living cell the granules are in a state of constant vibratile movement known as the 
Brownian movement. These granules have varying staining reaction, t.e. granules 
of some cell have staining affinity for acid dyes, some for basic dyes and some for 
neutial dyes. On this basis of staining reactions the cells have been classified as 
follows : 


(a) Oxyphil or acidophil or eosinophil cells — having staining affinity for acid 
or protoplasmic dyes. 

(h) Basiphil — having staining affinity for basic or nuclear stain. 

WrtilTnhfiil - — hnvinff affinitv fn r none. 


(c) Neutrophil — having affinity for none. 

(d) Amphophil — having equal affinity for both basic and acid dyes. 

Cell Division. Cellular reproduction takes place through division of cells in 
which one mother cell divides into two daughter cells, each of which again divides 
into two, and so on multiplication goes on until full growth is attained. The process 
of cell division is an intneated intra-cellular change which differs in details m case 
of somatic (cells that build-up the body) and germ cells (cells concerned for the 
continuation of the progeny)'. In case of somatic cells reproduction takes place in 
two ways, by amitosis and by mitosis or karyokitiesis. In case of germ cells reproduction 
occurs in a different way. At first the germ cells multiply by the process of mitosis 
and then during their maturation (maturation division) leproduction occurs in two 
other forms which go by the name hetezolypical mitosis or meiosis and homotypical mitosis. 

Thus the methods of cell division 
can be discussed under (a) Amitosis, 
/ \ (b) Mitosis, (r) Hetcrotypical mitosis 

( \ ° v meiosis and (d) -Homotypical 

\ j \ J Amitosis. The amitotic cell 

\ / Xv / division is a rare phenomenon in 

— human subject and except perhaps in 

cases of giant cells of the bone marrow 
y'jS s/^"\ and the epithelial cells of the urinary 

/ bladder and the leucocytes, tins me* 

( I \ f \ f \ l ^ 10 ^ cc ^ division is seldom found 

( I ( J f j to ta ^ c pl ace normally. Under some 

V j \ j \ j pathological conditions amitotic cell 

V / V/ division is occasionally found to 

^ occur and thercfdic it is often pre- 

rig. 18. Amitotic cril division. . sumed as a degenerative process 
rather than the healthy process of 
cell division which determines cellular activity and growth. 

This is a simple method of cell division in which die nucleus at first shows 
signs of constriction which gradually deepens and then the cel! body shows similar 
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change and the mo cleavages meet together and the cell ultimately divides iat 
two daughter cells. ' 

Mitosis or Karyokincsis. Mitotic cell division is the usual mode 0 
, 7 I Ca5C ,“ V 1 ' 5 “" d " “ complicated elaborate pro® 

r T * fP 11 ‘" tn •''» daughter cells. The interne cellular aethil. 

and the series or change, that talc place during die process of cell division, each 
gioupcd under four phases namely, praphasr, metophasr, anaphase and telophase. 

tneiiibnmctmcl nudeoi] dnap^U X‘ ZZjomZ' a^JIge IhcmscL in p* 
from ™irXrm C ,b 1 , ri ' Sl h i '| id ' S i m, “ t "“ daughter centrosomes which dhetje 

opp™ nctdi oihu U l ' a " shta CCM ™'™ -■ a pole diametrical 

tE H, xrMir:: 

siErra^ 

radlaunv beams ofligltt and such a* lar-lilcVotmatlon*is known asat/er^ ** 
membrane ‘md^lmnue 00^^'"“ *'*“ ’'iT variable change! ‘ The nuclrat 
ihcnmlm in spec ml forinatSon^Kc dimm-lt- cI,ro 1 , ’ w , t,ns rr ' a,Tan ? c and r <- orien j 
within the ..licit us during the renin! nbaic ,d d,e cel '!! i d <*p«< 

arc collected into small masses ofnod.d^ l«?, * , * ! ccN docs 1101 t * ,v,t1 ^ 

»«<■ connected with one another by Shmelm' 5 ‘ C fhromo ” ierrs - Thc chromomrto 
ot cliams or chiomomercs Wn proc ™ cs s <> as to form an scrw 

become intermingled with one another ^nd*' rhc . chaia «'f chromosom* 
resemble a ball of thread known ns v i, arc , tu ' l5tC(l varjously so at 

condensed together so as to form a mass in whiri"^"’ V t- ^ C0 , mC K radu:dI / 
no longer detectable. The mass nFrhrcw, m ' , 1 1,lc I'ldividiia! chromoniere » 

logous^hiomosoL (one ^telSl „S m am ln I>» ir ° n ™T 

form ol rods, Pools or V-shaped angles and , h ? .° ,hcr , P a tcrnal) cidier in the 

matic spindle so as to foim the riL/nr.W *1 ? C nf- ? d , into the equator of the achro* 
the proplase port of the mitotic dnisFon ends. P ,tie S OTmalion °f th < equatorial phU 

l "° s .° tl,at ll *c numbei^jfthc Somwomcsl^uble'r rF^t lo . n « !tudin<,n > r in, ° 
remain attached to the achromatic sn'mdlr •, , Ji^ cdf ^ ,lc daughter chromosomes 
a way so that half the chromormS r ^ t * thc >' /c-arrange themselves in such 
the acluomatic spindle and the remainin , C0 I , ( P cctcd w,, h one ccntrosome through 
the complete division of the chromosomes the stnfui I* V°' t / IC , op P <rt!,c ^ntrosomc. 
two daughter equatorial plate, „„d ,h, o/ melapha°°™J s 1 ""' “*S> “ s t ,! ‘ '* 

plate move towards the con-emondinv ^ ornosorn « of each daughter equatorial 
spindle. A, the chtomosomTc" Z al °"S ‘he Ms of the achromatic 
igm of constriction which isdisnosTdcimdwl " the cell body shows 

spindle, lint, ,h e appearance of the const, irf ‘ aroun d the equator of the achromatic 

. Telapha,,. Thhis the temiLT" r7 "" "" «“ tM.ee emh. 

circular constriction around the ceil borb. SC v V*** lm, o*ic cell divisiut. in , illicit the 
deepen, „ n ,n thc «„ H comptaely^Mtol' duri "l! anaphase, gratll.all) 

cotutncuon in each half of the erll thf , 1 . ’ Wuh !lc gradual deepening or the 
B "t the el.roma.iu skein is refo™?/^"' “T U " 'hromaui is reienedt 
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Heterotypical Mitosis. The primitive germ cells which arc lodged in the 
sex glands of either sexes pass through three stages during their life cycle — stage of 
multiplication , stage of growth and stage of maturation division. During the stage of 
multiplication they multiply by the usual process of mitotic cell division ; during the 



J’jfc. J9. Mitotic ceil division. 


stage of growth no further division takes place but the individual germ cell grows up 
to considerable maturity when they arc in a position to attain their full maturity 
by dividing twice only to reproduce 4 cells and this final division is known as the 
maturation division. The first maturation division is the heterotypical mitosis or 
meiosis, a reduction division in which the number of chromosomes is reduced to half 
in each of two daughter cells resulting out of the division of the cell. In usual 
mitotic division each of the chromosome splits up into two by which the total number 
of chromosomes is doubled up, that is, if the mother cell contains 48 chromosomes, by 
splitting they become 96 and half the number of these chromosomes(48) passes to 
each of the two daughter cells, therefore the daughter cells having the same number 
of chromosomes with their mother cell. In heterotypical mitosis the chromosomes 
do not split and instead half the number of the total chromosomes passes to the 
daughter cell straightway, that is, if the mother cell contains 48 chromosomes 24 of 
them pass to each of the daughter cells, thus the number of chromosomes is 
reduced from 48 in the mother cell to 24 in the daughter cell— hence called 
the reduction division. 

Homotypical mitosis. The ho mo typical mitosis occurs during the second 
maturation division of the germ cells. In this the chromosomes divide as in usual 
mitosis and the daughter cells have the same number of chromosomes with their 
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" , ' cel). I differs from usual mitosis in dial here the mother cell starts its ferirt- 
ditct'on with the reduced number of diromoiomcs (21) in comparison rvilluh 
somatic mo her cell whirl, contains 40 chromosomes. Moreover Ac radiLr . 

o"“t ™i s 0 '" r .'3 ,>p ; caI m T u - of - rc ? alc Bcnu cdls arc ° r 

“S' !lntl om \ small In usual mitosis the resulting daughter cells arc iff emu' I 
™.^wTL S S r Z? ‘ h - mMhcr Tl >' «h?on,a,“ spindle S 

. / * of ns pole forming .1 protmt on oftlie cell wall and afterward 

mEnhire?wirs s er und ,lM w- «“* — 

smaller and Ac o,Z, h,^ T7" un S lhc daughterwlls become 

occupy the poles or the achSnimdr sli/ndf s " a J. I ?“ mis He daughter chromosome 
to thi other and n sp ndlc which extends from one end of then! 

the resulting daughter rrllsZe ofenud'S^TI 1 " 5 c ,' !ua ! or ".f achromatic spirit 
division of the male r cmicelTlfo^irsire'" 1 ' da " 8h " r CC,h " f 


ArN INTRODUCTION TO THU TISSUES OT Till: BODY 


W till’. JJUUV 

Blown foetus is a n "",' llc umclurc, a Mr 

ihc un-difTcienttatcd cell mass JfV-fi °f c cTI division and cell difTcrnuialioit. 
mem, differentiates into Z™ emb^T T"" '“V al Ccr,ai " «*!<’ °f develop 
mesoderm, by a hilherto unknown n , n ?! r Ia > cr ?’ ,J J C «todenn, entoderm and 
these three embryonic layers bv phy'ico-chcmical changes, ft is from 

all the tissues of the bod /arc devclon/dnnd •C’T* of 8 Tmv . lh and <Hrr C rcnti.Uimi, 
djffci-ent functional units which aie mi* ’ * /, { , lcy . >c . comc 50 harmonised as tofonn 
m the perfoimancc of a„ indiwin fi ^ -n '"'^epende,,, on one another 
prcdoinincndy of muscle fibrZtaninirZ,'^ P 1 ”.* " hid ' “ composed 

only muscle fibies but also blood ^ ^ lm 5l!? na ^ un,t Inch contains not 

harmonised during muscular Son aw! flbrous •« of which arc 

having Zdl7“ruZnCa^Z^edZ wZeh’ bl ' 18C l m C ' Ui («*"> Heir praam) 
substances, and arc arranged in dKtinciivr C fiJ^ C i ‘ e d together by intercellular 
other co-ordinating tissue Elements. C f ° rnw I,avm S contained within them 

made up of cells, so m^/Kdy^a^SlIlIiape 11 ^ p° dy we , can scc lhal as a tiwuc “ 
both m structure and function. Tte fo?l3J f a™' f d,ffer «*t from one another 


v. estu, so our bodv , . - , c’- ' * cc mat as a tissue t 

both ,n structure and limcUm. T|Zm 3 ° n , diir ' rcnt from m ° lln 
•he human body is made up ; "°"' n S ar ' «•* elementary tissues of whirl 

0) Epithelial tissue. 

(?) Connective tissue. 


rf tissue. 

til 'f? neetit!e tissue. 

Sclerous tissue. 

(4) Blood 

(6) 2Btt£“ dC '" ib ' d a, °"« lymphatic vessel,. 

(7) Nervous tissue. 


It r ; . w Ustue - 
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before it is ready for microscopical examination and permanent preservation. 
Thus a histological preparation may be made either temporarily or permanently. 

Temporary preparations 

(1) When the material is a liquid. A drop of the material which may 
either blood, pus, cerebrospinal fluid ox any other body fluid is put on a slide 

and is examined under a microscope. Alternatively, a smear is made On a glass 
slide, fixed by passing the slide quickly over the flame of a burner, stained and 
examined under a microscope. If the drop or the smear is found to contain too 
many cells, which overlap one another thereby obscuring proper identification, 
dilute the fluid with normal saline and then examine as above. If the cells in 
the drop or in the smear arc found to he too scanty the fluid should be centrifuged 
and the sediment should be examined as above. 

(2) When the material is a solid. A solid material may be prepared for 
histological examination by any of the following methods : 

(а) Scraping. The solid mass is subjected to scraping with a glass slide or 
with a cover slip and the scraped out material is spread on a glass slide 
as a smear, fixed by passing the slide over the flame of a burner, and is 
examined as such or after staining. The scraped-out material may also 
lie mixed with normal saline and a drop preparation may lie made foi 
examination. 

(б) Teasing. In this method the tissue is disturbed by means of mounted 
needles under normal saline solution and then is spread on a slide, fixed 
over the flame and examined. 

(t) Maceration . The process of dissociation by chemical agents is called 
“maceration”. The chemicals commonly used for this purpose arc 
alcohol 33%, formalin 1 in 500 aquaous solution, and nitric acid 1 in 4 
dilution with glycerin-water mixture (equal parts of glycerin and 
water). The tissue has to be kept in any of the above solution for a 
day. 35% pottassium hydroxide solution takes about $ an hour to 
macerate a tissue and is a quicker macerating fluid. 

{ d ) Sections. The material is cut into thin sections cither by hand with a 
knife, or by a freezing microtome after the material has been treated 
in gum solution. The thin section is then examined under a microscope 
with or without staining. 

Permanent preparation. Tissues other than bones, teeth and those 
containing calcareous deposits, which need to be passed through a process of decalci- 
fication are, first of all, fixed in some fixative solution in fresh condition and then they 
are prepared for embedding and cutting into thin sections. In preparing tissues 
for histological section a small piece having 2 mm. thickness is suitable. 

Fixative solution. Before a tissue is prepared for embedding, it is "fixed” by 
keeping it in some chemical solutions for some time (time varies according to the 
nature of the tissue) which may be solutions of mineral or organic acids such as hydro- 
chloric acid, chromic acid, picric, osmic or acetic acids, solutions of salts if heavy 
metals such as mercuric chloride, potassium bichromate etc., alcohol, neutral formalin 
of combination of any of the above solutions. 

By fixation the relationof the cells and inter-celhilar structures arc least disturbed, 
in other words, they arc “fixed” in their position. It renders the tissue more resistant 
to any subsequent treatment and the hardness imparted to the tissue by the fixatives 
is the first step towards preparing it for section cutting. 

It is known by experience that some of the fixatives, such as formalin, shrink 
the tissues, while acetic acid swell them. Thus, in search of an ideal fixative, and 
to obviate these difficulties, out of continuous researches, the following fixatives, in 
which a judicious combination of different fixatives has l>een made, have been found 
to be suitable. » 

2 
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(l) Ihutu find: _ 

Saliuatrd pirtk acid solution • . " C ’ C ' 

formalin (t()% I omialdchydc) •• -j* c.c. 

Gl.icial atriH acid . • •' J 

i'inir of Itxauon— 115-21 hour*. 

Ilia fixative a unsuitable for kidney ami ttsam tontainmg rauun. 


Saturated solution of lunuuic chloride 
1 eravalm 

Dial mi at Hie and 
Irithlor •itriit and 
Distrito! water 
lime— 3-12 hours 


5U t.c. 

20 c.c. ■ 

1 c.c. 

2 prams. 
30 C c. 


(3) Zcnkn'i Hunt 
(a I .Sunk solution 

Mcrcuru clilundt .. • • 

Potassium (hi lu ornate . . 

Nxliotn Sulphiut 
Dun lied water 
(fc) Glacial Acetic. Aud . , 

^ to Ik added to the alxivc stotk solution just before use) 
lime — 3-21 hours. 


5 prams. 
2-5 „ 

10 „ 

100 cc. 


(4) Afalftr’s Huh/ - 

Potassium bichromate .. ..2-5 prams. 

Sodium Sulphate . . . . . . I •(! „ 

Distilled ssalcr .. •• -- 100 c.u 

I mu 13 days. 

J Ik ahuw locative is suitable fur nervous tissue. 

Mu hods ot embedding a iissuE. A tissue may be embedded in jpuw 
gelatine, paraffin wax and celloidiii. The principle involved in all the above method* 
of embedding is the same. A small delicate tissue is difficult to be handled by itM? 
and for better handling and to avoid distortion of the tissue during section cutting n 
is placed in a supporting medium which varies in its consistency at varying 
temperature, liquid at a higher temperature, and solid, but allows smooth culhfl$» 
at a lower temperature. The tissue is embedded in the liquid medium which tf 
then allowed to solidify in a special container to form small blocks. Alternative')'* 
a supporting medium may be formed around the tissue by freezing method. When 
such a block is subjected to a cutting instrument (Microtome), the tissue together 
with its supporting medium cuts as one mass which prevents distortion and help® * n 
making thin section of desired thickness. . 

livery method or embedding has some advantages and disadvantage* and 
therefore, a beginner should make himself familiar with only one method at first 
and should practise other methods at a later stage. I would recommend for the 
beginners to use “paraffin-wax” method of embedding and for this, only this method 
has been described, l’or other methods or embedding, a student should con*«« a 
text book of histology. 

Paraffin-wax method of embedding. Hie following procedure* arc 
commonly used in the paraffin-wax method of embedding. 

Fixation. Kill the animal, picfcrably by coal gas, or by chloroform p n< | 
immediately inject 10% foimol saline (for mammals, use 0-9% sodium chloride) 
through the heart. 

Preserve the specimen in the same fluid (10% found saline) for at least three 
dajs (72 hours). ' 

' After keeping the tissue in the preservative solution for three days, dean it a«* 
leave it under running tap water for 12 hours. 

'Next wash the tissue with distilled water for half an hour. 
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Dehydration. .Then dehydrate the tissue by keeping it in ascending grades of 
alcohol as follows : 

(а) in 50% alcohol for 24 hours 

(б) in 75% alcohol for 10-12 hours Time to be adjusted 

(r) in 96% alcohol (rectified spirit) for 10-12 hours according to the 

size & nature of the 
specimen 

(<0 In absolute alcohol for 12 hours. Time to be 
adjusted .according to the size of the tissue. 

Clearing &. Embedding in Paraffin. Clean the tissue in cedar-wood oil (Xylol, 
Chloroform, oil of cloves or benzene may also be used for this purpose) with several 
changes until the specimen is cither absolutely transparent or translucent. 

Then keep the tissue in chloroform Tor 15 minutes to £ an hour. 

Then in chloroform and paraffin mixture 54 D C (equal parts) for 4 to 1 hour. 

In 54°C paraffin for 4 to 1 horn. 

Then in 58°C paraffin for 2 hours. 

Then in embedding paraffin 5G°C or G0 a C for 2 hours. 

Embed in 60 3 C fresh paraffin. 

The embedded tissue in block is then cut into section, each section having 
10/t in thickness. Sections arc to be taken on albuminised slide and to be dried inside 
the incubator for atlcast 7-10 days. Then deparaffinise, stain and examine under a 
microscope. 

Method of embedding an Embryo. An embryo may be embedded in 
paraffin-wax for necessary serial section or ordinary section in the following way's : 

(1) Take out the embryo fresh ftom the uterus or egg and clear off the 
membrane carefully. 

(2) Fix it in Bourns fluid for a few hours but never more than 1 7 hours. 

(3) Treat it in distilled water for a minute or two and then dehydrate it by 
passing it through ascending grades of alcohol as follows : 

(a) Keep it in 50% alcohol from 14-16 hours. 

(b) In 75% alcohol for 6-8 hours. 

(c) In 96% alcohol for G-8 hours (the yellow colour of the tissue should 
fade away almost completely). 

( d ) In absolute alcohol from i to 6 hours depending on the size of the 
tissue. 

(4) Then clear it by passing it through cedar- wood oil until it becomes 
transparent. 

(5) Pass it through chloroform for 5 to 15 minutes. 

(6) Then keep it in chloroform-paraffin (60 3 C) mixture for 15 minutes. 

(7) In paraffin (54° C to 60°G) for 20-30 minutes. 

(8) Embed in 60°C paraffin for 20-30 minutes. 

(9) Finally embed in fresh paraffin 60°C. 

Method of decalcification. Bones, teeth and structures containing calcarious 
deposits need to be decalcified after fixing the tissue in the usual way. After 
dccalcification the tissue has to be passed through the same processes as is required 
for paraffin-wax embedding for other tissues. A small piece of the tissue is to be 
selected and to be kept in excess of any of the following decalcifying fluids until fully 
decalcified. The solution needs to be changed frequently. 

Decalcifying fluids : 

(1) Nitric acid solution, 3 to 5 per cent. 

(2) Hydrochloric and Formic acid mixture. 

(3) Sulphurous acid — tap water saturated with SO.. 

(4) Trichloracetic mixture. 

Test for decalcification : 

(1) X-ray test — examination by X-rays. 
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(2) Needle test—wheri properly decalcified the tissue could be punctured 
smoothly with a needle without any stony resistance. 

After the bone has been fulls decalcified it should be kept under running top 
water for about 12 hours. 


Staining of paraffin-wax sections. Depending on the nature of examination 
to be requited a parafim-wa\ section may be stained with general slain or with 
speciai. slaws. With general stains the nucleus and the cytoplasm ofa cell arc dead? 
defined and a tissue can be identified without much difficulty but identification'^ 
other mtra-crllular struciu.es and diflernitiation ofall the finer details m a composite 
tissue aic not i>ossibl< 

Ihr following are tlw general slams commonly used : 
fl) Haeinatox>hn and Losin 
(2; lion Hacmato\)hn and Van (Jcison stain. 

( 1) Hacmatoxylin and Bi< biicli scarlet. 

(4) Piciocannmc 


as 1,1 u . ,d,;l lu '"Ji'-MMl StlUCtU.C ill 11 composite tissue, 

?»t tells 0,7 1 V' T 1 ’’ " cnc f,brri - >'«'■= endings, elastic litre, 

alLutre Z’Z »,rsuUor"m l tiV‘ rimS ’ P - CU1 ' vhic !' , ha 'S ■ >1“?! 

for individual tissues. ’ " Mo " ,n S »«• the special slams usd 


(A) Elastic fibres : 

/*) 'Vdgerts lcssuicin-fuclmn stain. 
(«) Aacf fuchsin 
(m’j Uuein. 

fU) Inlet-cellular subslaiue: 

(0 bilva niuutc. 

(C) Faf. 

(0 I hmmiutf’s fluid. 

(t«) Sudan III 
0») Schailack R. 


(D) Xerve Cells : 

(i) Golgis Silver method. 

00 C’ajals modification of Golgis 
Silver method. 

(Dj Myelinate fibres — Wciggct-l’al 
mctliod, Osmic acid method 
G*’) Amjelinale fibres — Ransoifs 
method. 

(G) Dc^aieraUd jYerre fibre — Mar- 

this S,l d a !,d tlhta S? 1 . ‘? in ? ,“ nU !la , ini "S ">«1>^S arc'oufof tlie scope of 
given Mr;™ 0 teS£i , ”rfS.iSrSL , 5!?“ lt * <>■> histology. Honevtr, 

general stain used in histology. 5 * Hematoxylin and Eosm", the commonest 

(fiSnf" *r 0sin method or staining 

for 2 minutes (do not u^^olkLefT^ 10 ^ ,llc £!' d . c . conlain «ng the tissue in X)Iol 
purpose). V SC XyI °‘ mpd m deparaffinising the tissue for any other 

dry up on the Ihsuel'roraboiiUiaVa mfiim S f lllC a,PQhol ( do n <H allow the xylol to 
(3) Dip in thc sIidc lS h Er,f« - Ut nft 0Ur , aIcoho1 drop by drop). 

75% alcohol, 50% aSioUnd ^Sn m alcoh , 01 for ^Ifa minutc, and then 
minute). /Q C0U01 and 1,1 dat.Ucd water for the same length of time {half a 

r° r 7*1 r? St 6 montI «, fo r me diod d o uick S Haema ? ox y Iin (matures after keeping 
for 7-10 minutes. quick maturation, consult books on staining) 

; ™. 'Sr 5? Sfifr ^ tu alS'rt S “!l «"“* «T and to sum, with, 
interccilular space and steuCures sho id L i' T“ “'"min'd. The cell outline, 
hy rmiucmly e*«mning th “? s s "‘ ou “ bc 5?«dy out lined anti this has to he judged 
low power microscope. " hJe 'hlfcrentratin,; with Hcl. solution under n 

' lee P • TI, '\P“ 1 h^nsuc d tI, r m„3,"asM„d, P '' aI ' r 1 forSt, '“ t20 - 30 'nini.tes. 

• leep.ng in each solution for halrn minutf^ B Sra<Ics ° f alc(>ho1 50 %. ”%• S5 °" 

W C ° UmCr “* ~ alcoholic so, u, ion of Cosin for ahou, 
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half a minute— may be a little more or less according to the type of the tissue, bones 
take less time. 

(9) Wash and differentiate in 96% alcohol (rectified spirit). Differentiation is 
to he judged as above by looking through the microscope. 

(10) Dehydrate completely in absolute alcohol with two changes, first, for one 
minute, and the second, for two minutes. 

(11) Wipe out the excess of alcohol with a linen and put the slide with the 
tissue into clear fresh xylol for two minutes. 

(12) Take out the slide, dry it up with linen hut never allow the tissue to dry 
up and then put one or two drops of Canada balsam and mount with a cover slip. 
The tissue is now ready for examination. 

Other Histological Methods 

(1) Inlracital staining or Vital stamina. Some dyestuffs such as mcthelene blue, 
neutral red, trypan blue etc., arc injected intravenously to a living animal and 
when the animal is killed subsequently some of the cells aic found to take up the 
stain rlcctively. Study of tissues by this method of staining is known as intravital 
staining. The Following dyestuffs are found to have affinities for the cells or tissues 
noted against their names. 

(a) Methelcne blue— for near endings and nerve fibres. 

(/>) Janus green — for mitochondria. 

(c) Trypan hlue, lithium carmine, pyrrhol blue — for cells of reticulo- 
endothelial system. 

(d) Neutral red — for Vacuoles in the cytoplasm. 

(2) Supravital staining. Some dyestuffs such as brilliant cresyl or janus green B 
etc., when added to the solution containing surviving tissues or cells, some of the cells 
show affinities for such stains as for example, reticulocytes for brilliant cresyl blue. 

(3) Hanging drop preparation. By this method movements of some living cells 
can be seen through the microscope on a warm stage. 

(4) Micro-dissection. Dissection of individual cell with fine glass needles under 
the guidance of a high power microscope is a method in histology usually known as 
micro-dissection. 

(5) Micro-incineration. This is a method in which microscopic sections are 
incencrated and the ash left behind is examined for cellular inorganic constituent, 

(6) Ultra-centrifuge. By this, contents of an individual cell can be split into 
different layers according to their specific gravity. 

(7) Tissue culture. Living tissues isolated from their parent bodies can he made 
to ■gtxm vn •some •smtaAAt irtedva and can tie Vend Ved vrndei •& microsc-ope. 

(0) Freezing-drying method of tissue fixation. Where immediate histological 
diagnosis is a necessity, as during operation, a tissue may be frozen rapidly and then 
dehydrated in a vacuum and a section may be done immediately for necessary 
microscopical examination. 

THE EPITHELIAL TISSUE 

The epithelial tissue invests all free surfaces either externally or internally and 
makes them smooth and regular. Thus it is found externally over the free surfaces 
of the skin as epidermis, and as a generalised investment for all mucous membranes 
internally. At some situations such as in the anterior lobe of the pituitary gland, 
the liver lobule, and in the interstitial cells of the ovary, the epithelial cells instead 
of forming a surface investment are found as solid cords of cells. 

Characters of epithelial tissue. Marked cellular preponderance, scanty 
intercellular substances, arrangement of the cells either in single or in multiple 
layers and the presence of the basement membrane, are the characteristics of the 
epithelial tissue. 

The epithelial cells. The cells form the most conspicuous feature and are closely 
packed together. They may be cither columnar, cubical or polygonal in shape and 
are arranged either in single or in multiple layers. 
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The inkr-ceUvlar substance. The intcr-ccllular substance is exceedingly scanty, 
so much so, that the cells appear to be continuous with one another, although the 
presence of the intet-cellular substance between the cell?, which resembles like the 
connective tissue, can he shown by treating it with silver nitrate solution (shows 
i educing propei ties). 
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the latter and the sub-epithelial loose connective tissue. Presence of the basement 
membrane is one of the important characteristics of the epithelial tissue. In the 
thyroid gland, urinary tract, liver lobule and in some portions of the membranous 
labyrinth of the internal ear, the basement membrane is absent (exceptions). 

Classification of epithelial tissue. The epithelial tissue, the cells of which 

are arranged in single layer, 
is called simple epithelium and 
where the cells are arranged 
in multiple layers it is called 
compound epithelium. Depend- 
ing on the nature of the 
cells the simple epithelium 
is further subdivided into 
columnar, pavement, cubical and 
columnar ciliated types. Simi- 
larly the compound epithe- 
lium is subdivided into 
transitional, stratified squamous 
comified and stratified squamous 
mn-cornified types. 

In some situations the 
cells of the simple columnar 
epithelium arc so much 
closely packed together that 
only the tallest ones appear 
on the surface while the 
others occupy a plane at 
some depth from the surface 
and thus they resemble like 
compound epithelium and 
hence they are called pseudo-stralified columnar epithelium. 

In some places, particularly in the gastro-intestinal tract, the cells of the simple 
epithelium are arranged in typical formation whose main function is secretory and 
they are often classed as glandular epithelium. As they form a distinct group functionally, 
the secreting glands and glandular epithelium have been dealt mill separately. 



rig. 23. Early human development with formation of 
trophoblast with chorionic villi. 

Note that the epithelial cells of the chorion form a proto- 
plasmic mass without any cellular demarcation. 



Columnar Columnar 

Epithelium. epithelium in 

glandular formation, 
rig. 21. Columnar epithelium and section 
of a simple tubular gland. 


Functionally the epithelial tissue 
subserves various functions in our body 
mechanics. Some of them arc proteelii<e 
in nature, some arc secretory , some arc 
concerned in diffusion of gasses and liquids 
while some others are associated with the 
sensory* nerves in special formation so as 
to subserve sensory functions. 

Dcvelopmentally the epithelial tissue 
is found to arise from all the primitive 
germinal layers namely, ectoderm, ento- 
derm, and mesoderm. Given below is 
the summary of classification of epithelial 
tissue : 


1. According to structure: 

(A) Simple epithelium (consisting of single layer of cells) : 

(0 C<.lt.mn !t r/ Ps “ da - s,ratir '" 1 TO ’ umrar ' 

' NGlanduJar. 


(ji) Cubical. 

(jii) Pavement. 

(/p) Columnar ciliated. 
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(B) Compound epithelium (consisting of several layers or cells), 
(0 Transitional. 

(it) Stratified squamous ramified. 

(n't) Stratified squamous non-com ified. 


2. According to function: 


(A) Absorptive and diffusive: 

(i) Columnar. 

(ii) Pavement. 

(B) Secretory: 

(0 Glandular. 

(«) Cubical. 

(G) Protective: 

(t) Transitional. 

(it) Stratified squamous. 

(m) Columnar ciliated. 

(D) Sensor}: 

(0 Epithelium associated with sensory end-organs. 


1. According to development: 

(A) Ectodermal: 

(0 Epithelium of the skin and its appendages. 

In) Epithelium of the buccal cavity. 

V“) gpithrflum of the lower part or ana! canal. 

/ { Epithelium of the sensory end-organs, 
r) Epithelium of the labyrinth of the internal ear and eye. 

(B) hnlodermal: ’ 

W S’ccnlfcrli'l' dis r ,lv ? ,ra « '“S' 11 '" «><h Hie glands with the 

M "" l" rl 

v”< Of the respiratory system. 

(Cl) ° r,hr Pharyng0 -‘>™' , “ iC '>"* »"•> «'«= middle car. 

0) Epithelium of the urinary and genital systems. 


Columnai 


character AND DISTRIBUTION or SIMPLE EriTHF.LIUM 


Varieties, | 


Character 


Cells arc tall and are arranged in 

In c . ro ” the) 

prnent a mosaic appearance of 
hexagonal figures closely packed 
1Jle nucleus is found 

mmhranc which separates then! 
from the sub-epitheltal connec- 

rrUe r ,C ' ScrR . in profile the 
crlls present a striated edge to. 
■wards the surface in so, nephew! 



I ig- 25. Columnar 
Epithelium. 


Distribution ^ 

Mucous membra"* 
of the gastro-intrs- 
linal tract f r o 
stomach to ihe upp c ( 
part of the ansi 
canal. . . 

Mucous membrane 
of the gall bladder 
and the biliary P M * 
sages. 

Mucous membrane 
of the excretory ducts 
of many glands. 
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Varieties 


Cubical Cell* arc smaller 
(length and bread tli 
almost equal) than the 
above; the nucleus 
occupies the centre of 
each cell; the proto- 
plasm is granular. 


Character 



Distribution 


Secretory ah coll anti 
ducts of many exerr- 
! tory glands. 

J Tolbclcs of the lliy- 
i tuid gland. 

I Germinal epithelial 
f layer of the ovary. 

! Choroid plexus. 


Tig. 2G. Cubical Epithelium. 


Pavement 


Scalc-iifcc cells of 
' varying shape They 
! are flattened ami are 
! closely fitter! together 
to present a mosaic 
i appearance. The nu- 
cleus is central in posi- 
l tion ami presents a 
i superficial bulging 
J due to thinness of the 
| relLs. 



Tig. 27. Pavement Epithelium, 


Aheoh of the lungs. 
Chorionic villi of 
placenta. 

Rctc testis. 

Bon man's capsule 
and descending limb 
of Henley's loop of 
renal unit. 

■ Excretory ducts of 
panerras and smaller 
glands. 

Internal surface of 
tympanic membrane. 


Columnar 

ciliated 


These are columnar cells with hair-like processes which pro- 
ject from the free surface of the cells. Just within (he cell-outline 
opposite the free sur- 
face each ciliary pro- 
cess is found to present 
a knoh-hke thickening 
known as the basal 
knob r>J Engilmnnn. 

From these knobs the 
1 processes penetrate 
‘ through the cell sub- 
stance and converge 
to a point close to the 
fixed end. The basal 
Inohs are believed to 

■ represent the fragmented ccntriolc of the cell. 



Fig. 211. Columnar ciliated 
Epithelium. 


Respiratory tract 
from nose to the 
terminal bronchiole 
except the vocal cord 
which is lined by 
stratified epithelium. 
Paranasal sinuses. 
Nasal part of phar- 
ynx. Uterine tube. 
Endometrium of the 
uterus. Pharyngo- 
tympanic tube and 
the tympanic cavity. 
Ependyma of the 
ventricles of the 
brain and the cen- 
tral canal of the 
spinal cord. 

From efferent duc- 
tule of the testis up 
to some portion of 
(he epididymis (?). 


Charact i:r and distribution or compound epithelium 


Types 

| Character 

Distribution 

Stratified 

squamous 

cornified 

f The cells are arranged in several layers and they become 
[ gradually flattened as they approach the surface (squamous 
, character). The cells of the surface layer gradually lose their 
protoplasmic character and become compressed to lose their 

J cellular outline and they are converted into a horny material 
j known as the keratin. 

Epidermis of skin. 
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CHARACTER AND DISTRIBUTION OP COMPOUND EPITHELIUM — Contd. 


Typr 

Stratified 

squamous 

cornified 

— Cent.! 


Character 






I* 2 °‘ ^ rf,wn sk ' n showin" si ratified squamous cornified 
i)pe of epithelium. 


|pr. ; 



Buccal cavity, tw.pi 
lower port t> 
pharynx, txwpu! 
Rut, lower par* * 
anal canal, ror^t- 
vocal cord w 


ofh!>S? V JajJ?. t * , ' C rpI,hcUum 1,001 not show the presence 
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CHARACTER AND DISTRIBUTION OF COMPOUND EPITHELIUM— CWitf. 


a Types 

Character 

Distribution 

Transi- 

tional 

1 It is a variety of compound epithelium and consists of only 
\ three or four layers of cells. Cells of all the layers are protoplasmic 
i anti they foil to show “ squamous character” that is, the character 
i of gradual flattening as ihe cells approach towards ihr 
free surface. However, 
the surface layer of 

Renal pci ns, ureter, 
urinary bladder, and 
most of the urethra. 

j 

tened and they pre- f & <s> ^ '•S’, j 


derneath which fits 

with the globular l\ ft 

bulging of the \ '/ \ / \ (A I j 

pearshaped celL of \ \ f4'\ l<\ [f 

the layer underneath \ Dta LyN / (A 

(srror.5 layer). The • V*- 

tapering ends of these 

cells touch the base- Tig. 31. Transitions 
ment membrane and 

in between the tapering ends of the two actj 
or two layers of smaller polyhedral cells ir 
form the third or fourth layer of cells as the ct 

\ NY K } / ^ 

| 

I epithelium 

iacent cells one 
ttervene which 
isr may he 

! 


THE GLANDULAR EPITHELIUM AND THE 
SECRETING GLANDS 

Glandular organisation. Some of the epithelial cells are seen to possess 
secretory qualities such as the goblet cells of the intestinal tract which secrete mucin 
into the intestinal canal. The goblet cells are ordinary columnar cells in which the 
secretory granules (Mucin) are formed; these granules gradually accumulate towards 
the free surface of the cell and distend it enormously and ultimately the superficial 
portion of the cell ruptures giving out its content into the intestinal lumen; the cell 
concerned subsequently regains back its original form by reparative processes. 
This is the simplest form of glandular organisation in which a single cell acts as a 
secreting gland and may be called a unicellular gland. In further elaboration of the 
glandular mechanism some of the secretory cells are found to be grouped together 
at places within the lining epithelium, particularly in the buccal cavity, so as to form 
multicellular glands. Still further in the mechanism are found the more specialised 
organisations in which groups of cells from the lining epithelium evagtnate out, aie 
variously arranged and remain connected with the original site by a narrow tubular 
passage, the. duct of the gland. The moie intricate mechanism is associated with 
the elaboration of the ductless glands. During early developmental period many of 
them originate in the same way as the glands with duct but sometime during the 
developmental phase they become disconnected fiom their source of origin, lose 
their duct, so become ductless, and become entangled in situations remote from 
their primary source of origin. Other types of ductless glands are found to be 
developed in more ingenious ways. 

Thus it appears that some of the epithelial tissues acquire specialisation with 
cither secretory or excretory qualities ana are variously organised to form different 
glandular types and the epithelium of which it is made up is columnar or modified 
columnar types and. is usually called the glandular epithelium. Therefore glands may 
be defined ns organised bodies (made up of glandular epithelium), which may be 
likened, to the chemical laboratories in different instalations for different products, 
producing chemical substances which are cither utilised in the body as secretions or 
they arc thrown out of the body as waste products in the form of excretions. 
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Classification of glands. Glands may l>c classified variously according 
their structure, mode of distribution of their secretion, behavior of the gland dud 
secretion, and according to their development as follows : 


(A) According to structure. As mentioned previously secreting cells of til 
glamU may be arranged variously so as to form a definite glandular pattm 
Structural! v the following glandular types may Ijc recognised: _ v 

(i) Simple tabular gland. From the fice surface the secreting cells evagmsj 
out in the fonn of a tulrc, as for instance, the intestinal glands. . 
i n) Jlrtmrhctl tubular, llcie from the original tubular outgrowth divertiab 
spicut out in dificirnt directions so as tn give a branched appearance 
Thus different tubular glands open to the free surface by a conuws 
passage known as the duct of the gland which is lined by non*secretc-r. 
t pjtheluim. The pyloric glands oi the stomach, the laci iinal gland etc* 
(all undei this suit-group. 

fu»; Coiled tubular. The sweat gland of the skin falls under this sul>-gcoi.p- 
Hete rhe original tubular diverticulum elongates considerably anal' 
ns blind <nd it is roiled up which is the actual secreting part of th 
gland The long tubular connection to the skin surface constitutes r> 


I ig. 32. Diflerrat t>pes or simple gland*. 

A — Simple tubular gland. D— Simple alveolar gland. 

I) — branched tubular gland. C— Simple Iwanchrd alieotar gland 

C— Coded tubular gland. 


ffc) Swplc saccular. Here the secretory part of the gland presents a sac*W* 
dilatation known as admit or alveolus. Any dilatation at the end of * 
narrow passage is usually known as acinus or alveolus. This type c ‘ 
gland is found in the frog s skin. They are not present in the mammab- 
(p) Simple branched saccular. -3 

In this type of glands "“fa IT 

two or more saccular Or 0 M 

dilatations are connect- ni /£>. 0 h Wff 1 


ed to the free surface 
by a common narrow 
passage, the duct of the 
gland. Sebaceous and 
tarsal glands fall under 
this sub-group. 

(ci) Compound tubular gland. 
This is a further elabo- 
ration of the branched 
simple tubular gland 
where each tubular 
branch spreads out in 


* 

F*g 33. Different types of compound glanT- 
A — Compound tubular gland. 

II — Compound alveolar gland. - 


numerous tubular diverticula. Thus each secirting portion join* 
parent stem with its small non-sect etory passage, the ductule, Severn 
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ductules join to form a duct and several ducts open into the mam stem, 
the main or the collect in* duct which carries the secretions to the free 
surface. 

(fit) Compound saccular or aktofar gland. This resembles the compound tubular 
glands except that the secreting part of the glands presents saccular 
dilatations. The glandular pattern resembles like the hunches of 
grapes and hence this type of gland is also known as compound rate* 
mosc gland (Racemes = bunches). Pancreas, salivary glands and seba* 
ccoits glands fall under this group. 

(t’tii) Compound tubuh-sacailar or tuhtlo-raccmosc gland. As the name implies 
this is a combination of both types of compound glands. Glands of the 
respirator)- passages and parts of salivary glands arc of this type. 

(B) According to mode of distribution or the secretion 

(r) Exocrine glands. The exocrine glands pour out their sccrctionon to the surface 
her directly or indirectly by means of ducts. The salivary glands, sweat glands, 
testinal glands etc. fall under this sub-group. 

(ii) Endocrine glands. The endocrine or the ductless glands have no ducts and 
ey secrete chemical substances known as hormones which pass inwardly and arc 
sorbed into the blood through which they are distributed throughout the bod), 
ijroid, pituitary, the intmtiti.il cells of the o\nr>, suprarenal etc, are endocrine 
mds. 

(Hi) Mired types. Glands having both internal and external secretions arc of 
Is type. Pancreas, testes and ovary arc examples o! mixed tv pc of glands possessing 
»th type or secretions. 

(C) According to changes in the gland cells during secretion 

(i) Epicrinc glands. In this type the cells of the glands arc not destroyed. The 
crclory granules pass out of the cell body at its free surface, the cell membrane 
ting as a dialysing membrane. 

(it) Apocrine glands or Mtrocrinc glands. In apocrine glands the secretory granules 
cumulate within the cell under pressure and appear towards the free surface and 
timately part of the cell bursts out to release its secretion; subsequently the cell is 
stored to its usual form by reparative processes. Goblet cells and some of the 
cat glands, mammary glands arc of this type. 

(ttt) Holocrine glands. In this the secretory mechanism is almost the same as above 
it here the whole cell is destroyed during the discharge of the secretory granules, 
cbaccous glands fall under this sub-group. 

(D) According to development. Developmental!) glands may be classified 
ito ectodermal, mesodermal and entodermal glands. Mammary glands, sweat glands 
;c. arc ectodermal in origin. Kidneys and portions of the testis and ovary arc meso- 
cmial in origin whereas the glands associated with the digestive and respiratory 
•acts arc rntodermal in origin. 

ENDOTHELIUM, MESOTHELIUM AND MESENCHYMAL EPITHELIUM 

The linings of all the serous sacs, the chambers of the heart, blood vessels, 
,'iiipliatics, the ventricles of the brain, the central canal of the spinal cord and the 
ub-arachnoid spaces have some common features with the epithelium when examined 
rucroscopically and in fact, they are often indistinguishable from the epithelial 
issue; like epithelial tissue the cells of these linings are closely packed with the mini- 
mum of intercellular substance — the cells resembling pavement type. Develop- 
ticmally all these cells arc of mesodermal in origin and they arc formed by 
lifferentiation of the mesenchymal tissue (primitive connective tissue) whereas the 
pithelial tissues arise independently from the ento-, ecto-, and mesoderm. Experi- 
nental studies show that in case of damage of these cells (cells lining serous sacs etc.) 
eparation takes place either by mitosis of adjoining cells or by differentiation of the. 
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underlying connective tissue and it has also been shown that these cells under <•*' 
conditions may be dc-diffcrentiatcd into connects c tissue cells (fibroblast). Ra- 
tion of the epithelial tissue takes place by mitotic cells division or by rc-ndjW 
of the other lining cells but the cells have no poster lo l>e changed into connective i'ism’o 
Thus the cells forming the lining of the above mentioned places, in spite of 
dose resemblance to the epithelial tissue, form a group by themselves, and aredhi 
into endothclnmt, mesoiheltvm and mesenchymal epithelium, 'l'he endolheliim forms 
lining ol the chambers of the heart, blood \csscls and the lymphatics, the me f " 
forming the lining of all the serous sacs whereas the mesenchymal epithelium $■. 
the lining of the ventricles of Ute brain, sub-arachnoid, and sub-dural spaces, 
central canal of the spinal cord, the perilymphatic spaces of the internal car anil' 1 
different chambers ol the rveball. The mcsolhclial cells lining the serous sjcs^ 
also called serosal tells and similarly the mesenchymal cells lining the ventricles eh 
brain and the central canal of the spinal cord are also called ependymal cells, i 
following is a chart showing differences between these cells (endotW 
mcsothelmm and mesenchymal epithelium) and the epithelium: 


Origin. 


Endothelium Mesoibettum Mesen- 
chymal Epithelium 


Epithelium 


Mesodermal in origin. 


May be of rcto-, crnlo, or of iW 
i ni.-U origin. 


ill pair. 


Power of 
dc-ddTcr- i 
cntiationJ 


Urpair talrs place either by mitotic 
cell Ulsnion of the adjacent cells or Ijv 
differentiation of ihc underlying con- 
nective tissue crib 


It* pair tales tilarr riil.rr If r : 
ailjustment of the adjoin/ n? 1 
ley mitotic cell drvh.on of t« * 
joining cells, The iinderljmS *" 
ncctivc tissue crib arc jk 1 * ^ 
formeil into epithelial cells. 


Tlitsc cells may lie dexlifTercntiatrtl 1 Kpiihrlial cclb liasc no power 
mto cwmectne Unue eelb, that is, , dc-difTerrnliated into eonsc^. 
fibroblasts, under some condiiioni. , tissue cclb. 


THE CONNECTIVE TISSUE 

mood^rm^TilTS™-™ “ ra<M V i<W >' dElributcJ tissue in our body a?* 
neurorlia (astrorxt« n l,c neurilemma sheath of nerves and some of I* 

?" d o'iS-Klondroslia) cells or the ON.S. H. 
tissues allltotn.il in. because it forms the basis of connection between crib. 113 

Slund ,o Jin iso&,“ ** “ U ""’ 

guisldn^ fcaturc C of I rim 1 co fealU ' reS connective tissue. 'I lie most dbW 

developed and is found in * ,ssuc * s intercellular substance which is h'J 

cellular 8U "«ton« forllK “» ?T1 . '* SCml - r md *P arse ««* ■ * thc K 

scattered wide apart 1 ,™“° ,ll . k ’ 11,6 Cfl,s ar ^ cither obscured or they' * 
sulwtanccsarevS/3 Z\ Botl ‘ thc «lls and the inter-eel^ 

nature of its inter^eUula/suteterSe.^ Connective lksue mostly depends ofl tit 
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(til Histiocytes. The term “histiocytes” means “tissue cells” and they fa 
irregular upc of conncctne tissue cells which are truly phagocytic (engulf forc. 
bodies, cell debris etc.) and hence they ate alternatively called macrophages. TV 
arc also known as resting wandering cells, advn:y.| 
cells and cjasmatocytes. They arc usually non-tnot, 
vc'r ‘ but are seen to acquire amoeboid movements u»S 

certain stimulus (in inflammatory process] and lm 
they are also called resting wandering cells in contra'*' 
Ireclv moving macrophages believed to be derived fk| 
the circulation. (See also rcticulo-cndotliclial system 
macrophage system). _ 

Microscopically its cell outline is seen to be 
but distinct in contrast to the fibroblasts whose k; 
t ^ outline is indistinct. Its cytoplasm is granular t* 

\ may contain pigments and debris and vacuoles, * 
nucleus is kidney-shaped and stains darkly. It 
JS&ri- selective staining reaction to vital stains (stains, tAx? 

when injected, are taken up by the cytoplasm ofu 
normal living cells and are called vital stains) byi\bk-<] 
can be isolated from the rest of the connective t® 5 "; 
liS 40 Uiaioani «»f tells. # , j 

(ui) fat cells. 1 lave been dealt nmkr adipose W** 
(k'i Plasma cells. These cells are sparingly distribu- . . _ . 

ted m the body and are generally found in the 
sub-peritoneal tissue of the mnrmum ami in the 
submucous tissue of the intestine. They arc 
believed to be the degenerative product of ordinary 
lymphocyte and arc usually found to be associated 
with chronic inflammations such as tuberculosis. 

Microscopically they arc round cells with round vr 
oval eccentric nucleus , the chromatins of which arc arranged 
radially so as to resemble a “ cartwheel'' . The cytoplasm is 
homogeneous and stains with basic dyes, particularly 
at its periphery. Its central 7011 c opposite the nucleus is 
marked by a rounded clear area. 

(tf) Mast cells. They arc usually found in close 
proximity to the blood vessels and arc usually less 
numerous. They arc believed to produce an anti- 
coagulant substance know n as the heparin. 

Microscopically they are seen as round nr poly- 
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gonal cells with granular cytoplasm which 
with basic dyes. The nucleus is round or oval 
lias no special distinctive feature. 

(ei) Pigment Cells. The name pigment 
is quite significant in that its cytoplasm C0D ~1 
a pigment known as melanin. They arc 
found in the pigmented areas of the body*" 
as the gums, areola of the nipple, external gem 1 
talia, iris and the pigmented areas of the ioi. 
brain and the hindbrain. They are small brand 1 '’ 6 
cells with pigment in their cytoplasm. 

(«*) Mesenchyme Cells. These arc embry‘«J| 
type of connective tissue cells which are a 
seen in lair numbers in the adult. They 
being embryonic type, capable of differentia 115 ? 
into any of die connective tissue cells depending 
tlie local influence. 
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Strj-cturi . As already mentioned tlie areolar tissue is seen to consist of i 
and fibres which arc embedded in a homogeneous ground substance. 

The cells are : 

(1) Fibroblasts. 

(2) Histiocytes. 

(3) Fat cells. 

(!) Plasma cells. 

(») Mast cells. 

(6) Pigment cells. 

(7) Mesenchyme cells. 


The fibres are : 

(1) white or collagenous fibres. 

(2) yellow elastic fibres. 



: U. White fibroin tissue a 
■>cu.on of a tendon. 


Dense connective tissue or Fibnro 
tissue. “Fibrous tissue” as the name® 
plies is a variety of connective tissue nil 
is composed mostly of fibres which us 
be either white collagenous fibres or jtlb 
clastic fibres. Depending on the rodr 
of the predominem fibres, the fibrous tier 
may be divided into (a) white fibruus lift’ 
and (b) yellow clastic tissue. 

(fl) White tidrous tissue. Strueiurill 
the white fibrous tissue is made up alm^ 
entirely of collagen fibres with a * 
fibroblasts scattered amongst the fife® 
The fibres are arranged in bundles it huh 
in one direction or the other. The fibres a* 
held togctlicr in bundle by areolar us* 
which carries blood vessels, lymphatics ski 
nerves. The individual bundle may brtfu 
but the individual fibre never divides. 

tiSSUe is USIl.lIlv frmnrl tr. « 


Distribution Th- r .t .. uul M ,c ^aimaual fibre never divides . 

great tSS force with ™ " , usuall r r °™ d those r'* cCS " lt 

( 1) Tendon VnH i. f anC - e ,s r rCq "* cd M the following : 

/o' T CUon nd aponeurosis or muscles. * 

ligaments. 

(3) Retention bands. 

(4) Deep fascia. 

(5) Perichondrium. 

(b) Periosteum. 

(7) Dura matter. 

(0) Fibrocartilagc. 

XfLI-OW ELASTIC TISSUE. 

r W >dl OTV elastic 

tissue is characterised by the 
elastic fibres in 
its matrix in abundance. The 
fibres run singly, branch and 

SeifT P y virtuc of 

their elasticity they curl un 
when divided. P 

Distribution. It is found in 

T> ! r C '" r " u V, "” C 

s .' “ b ”™ *= property of 

"ords ll,™..'"?' 1 ’’' in orltrr “«* lYr.gm. r„r cl 

’ " W sprlD fi action” is necesary. 1. 1, f„ u „d » M lo™t s : 



t '2 42. Elastic fibres of Humsn Aorta. 
Microphotograph to show clastic fibres of Human A 
niter W'eigcrts stains for clast in. 
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(1) Ligamcntum nuchac and fiavuni, 

(2) Connective tissue framework of tlie lungs. 

(3) Capsule of the spleen. 

(4) Walls of blood vessels. 

(5) Vocal cords. 

DIFFERENCE BETWEEN WHITE FIBROUS AND YELLOW ELASTIC TISSUE 
While fibrous tissue Yellow clastic tissue 


lo) our. 


Shining white in colour. Yellowish in colour. 


(a) Thicker in consistence. 

(fi) Fibres usually run in \vav> bundles. 


(cf Individual fibre never branches but 
llie individual bundle may branch 
and nnasronuwe each other. 

(<i) When divided the fibres do not curl 
up due to absence of elasticity. 

(e) AVhen transected the fibres present 
a flat sudace. 


(а) Thinner in consistence. 

(б) Tibrcs usually run singly but 
may farm loose bundles in which 
the individual fibre can lie 
identified. The bundles arc usu- 
ally straiglitcr. 

(r) Individual fibre freely branches 
and anastomoses each other. 

(d) When divided the fibres curl 
up due to elastic recoil. 

(c) Wide transected the fibres are 
seen to be angular with angles 
rounded off. 


vaturr of diMribu- Distributed in those places where great Distributed in those places and 
ion. tcnsional force with resistance is re- organs winch are to subserve the 

quired. function of “stretch and recoil”. 


leaction to heat Fibres contain an albuminoid substance The fibres contain an albuminoid 
iiul acid treatment, known as collagen which yields gelatin substance known as clastin which 
on boiling and is easily digested by acid, is resistant to both boiling and to 
acid treatment. 


leaction to jxrptic Resistant to tryptic digestion but can be Resistant to peptic digestion but 
ind tryptic diges- digested by pepsin. they can be digested by trypsin, 

ion. 


Selective staining Can be selectively stained by Van Can be selectively stained by orcein 
•eaction. Giesons stain in which they look bright in which they look reddish-brown 

red in colour. in colour. 


Adipose connective tissue. The adipose tissue is composed of fat cells which 
rc arranged in the forms of lobes and lobules. Surrounding the lobes and lobules 
; an envelope of areolar tissue which carries a network of blood vessels. They are 
ot uniformly distributed in the body but they show tendency' to be accumulated 
lore in certain parts than the others. Thus in the subcutaneous* tissue, particularly 
y the abdomen, the greater omentum, the mesenteries and in the renal fascia, 
he adipose tissue is found to be selectively deposited in abundance, and these places 
-■here fat accumulation is mostly marked, are called the fat depots of the body. In 
ases of starvation and malnutrition fat is withdrawn first from these fat depots and 
hen from the other, tissues into the general circulation to meet the metabolic demands 
f the body. The process of withdrawal follows a definite course as it has been seen 
liat while the depot fat is completely depleted, the iats in the palm of the liand and 
he sole of the foot are almost unaffected. Thus withdrawai of fat seems to be 
elective tn some way and the withdrawal does not affect those parts where fat has 
ubserve the mechanical function of protecting pad such as the sole of the foot an* M 
he palm of the hand. -f 
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Dtslnbulwn. The adipose tissue is widely distributed in all parts of the id 
except in the following places :(1) subcutaneous tissue of the penis, (2) labia n»J 
(3) scrotum, (4) eyelids, (j) cranial cavity and (G) the lungs (except at thclultnt, 1 

Mode of formation. The a dip;] 
tissue which is composed irar 
of fat cells with minimum 
intercellular substance is derir 
from the undifTerentiated ms: 
chymal cells both in the adal:r 
'veil as in the foetus. Fat gtohij 
first appear as minute drojilca 1 
tixe cytoplasm of the cell and Ir- 
on these droplets coalesce togeti- 
to form a large globule which- 
surrounded by a thin layer ■ 
cytoplasm; with the enlarging £ 
globule the cytoplasm is r?C 
pressed at the periphery ar.di 
the same time the nucleus is & 
displaced to one side of the 
nhcry or the other and the 
looks either spherical or oval. 

Structure. Thus a fat cr 
consists of a rounded cell conu^i 



-“a nuTeivliicl °I 

The inlZVu ? hC f ?‘ Cdb a . rc staincd M«k by osmic acid. 

1 lie intercellular substance is formed by areolar tissue. 

tuuaUy U found !iinrf™* Ve * iss ? e / , Tbis * s a variety or connects c tissue "hichil 
material of the uml>iIiJnF artS i°mM C bod )’ dur * n S development and in the jellv-^l 
structurally this tvnenf 0 ^ (' Vl . lart0 P 5 Jdly). It is not present in the adult W‘| 
anastomouL f • nncctivc . , . usuc insists of star-shaped fibroblasts^ 

fibres. S proccsscs > Hiucm-contaimng soft ground substance and a few coilagerj 

offinc conncctive**issiK:*filif^L«« r ! Cty 0pc . 0n "cctivc tissue is found to form net'll 
freely. In the meshes of tfcr °) Vn a » S rct ‘ cu ^ r fibres which branch and nnastom® 
according to the nature of ,” Ct "°- rIc3 ff rclicu Iar fibres are the cells which va» 
networks. tissue in which the reticular fibres form the support® 

b ° ,le in lr ''^f^'''’ ! ^ lC ' lt 'C 1S * ) * ll ^ a ^'^ I ^- |,t **' ca i i 'vcr."^ ,0rf ' n ^ nct " orks in tllc ’y mp! ‘ Vd 
marrow a nT?heTp1en!c C pu C /n in arf* n™” lieS fIlC iy^P^ocytes. In the boj 
anastomose each other to form T« f dt i Ul °" t0 other cclIs > reticular cells, "l" 0 

, They are thin brancWn^lftrM 1 0 E• a L mC ^ n< ^ dam, arc usually found- . 
selectively with silver oxide and hence th™ ^ i pe , ptlC dl S es,lon and can bc s,a " 
Funct . “ encc thc Y a re also known as argyrophil fibres. 

tissue which come to thc°fonn!uion in* UC ’ The co ' Ia genous fibres of the connee^ 
deep fascia etc., are verv tono-h .°f hgament, tendon of muscles, retention ban^ 
active and hence they aresr»Kt,?JP d £ n< ? “Mastic. MctabolieaUy tliey arc k» 
(metabolically) i n upkeep^ n v S v;S! PpIl ? d '? ltb b,ood vessels and arc less expc«®' ( 
adapted to withstand t^efL^V? t . he . ab , ove <l Ualid es they are specif 
structures which are to work bv elastic fibres dominate the field of d»* 

vessels etc. Tlie connective tissue cells alf n r rcc ? ll ”. as for instance the lungs, bW 

g,Vm bc! °' V “ a of funcuo^f S 'c S£ „SdvS :° f 
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t (A) Mechanical functions. 

1 (I) It is a supporting tissue and forms the basis of support for the other tissues. 

(2) It serves as a packing material to fill up the hollows and spaces around 
.rious organs and helps in anchoring them in position. 

S Tlie deep fascia of the connective tissue being inelastic and rigid helps 
ion through veins and lymphatics mechanically by causing compression 
J'cr them during muscular contraction. 

(4) In the form of retention band, pully etc., it changes the pull of muscular 
;tion and thus helps in precision of muscular movement. 

(5) Meclianically it protects ,the blood vessels, muscles and nerves in the form 
‘ sheaths around them. 

(B) Defensive function. The histiocytes and some other connective tissue 
ills being phagocytes protect the body from infection and other deleterious effects. 

(C) Reparative and regenerative functions. The fibroblasts of the connec- 
ve tissue help in healing processes by laying down collagenous fibres which are 
jbscqucntly converted into scar tissue. 

The primitive mesenchymal cells of the connective tissue which form the stem 
;lls for all the tissues of mesenchymal origin, under favourable conditions, may be 
ifferemiated into specialised tissue in case some of them are damaged. 


SCLEROUS TISSUE 
CARTILAGES 

The cartilages come next in order after bones in hardness. It is a variety of 
lard connective tissue or sclerous tissue and forms an integral part of the skeletal 
rame-work of the body. It is Hard and at the same time elastic and is lighter than 
he bone. In contradistinction to bones the cartilage in the adult is an avascular 
tructure although in the foetus large cartilage masses show the presence of “cartilage 
•anals” for blood vessels. It can be cut with a knife easily and the cut surface 
>rescnts a solid homogeneous appearance. 

Development. In the foetus the cartilages develop from the mesenchymal cells. 
The cells in a mesenchymal condensation differentiate in situ into cartilage cells 
inder the influence of local organisers and subsequently matrix formation starts 
.vith its usual specialisation. In the adult new cartilages may develop from connec- 
;ivc tissue cells under suitable conditions. 

Structure. Histologically the cartilage consists of groups of rounded cartilage 
:ells surrounded by capsules and large amount of inter-cellular ground substance or 
matrix. The matrix may be either clear and homogeneous or it may contain visible 
ibres which surround the cells with their capsules. Depending on the nature of the 
matrix and on the number of the cells, a cartilage is sub-divided into hyaline, cellular , 
and fibro-cartilage ; and depending on the nature of the fibres the fibro-cartilage is 
further sub-divided into white Jibro-carlilage and elastic Jibro-cartilage or elastic cartilage. 
The cartilage that covers the articulating surfaces of bones of a synovial joint is known 
as articular cartilage. The articular cartilage is a variety of hyaline cartilage but as it 
bears some special features of its own it has been described separately in the chapter 
on articular system or Arthrology. 

, The intercellular ground substance or the matrix. The matrix immediately surround- 
ing the cells or the group of cells is different from the rest and is more basophilic and 
constitutes the “capsule”. Chemically it is composed of chondromucoid and 
,chondroalbuminoid substances and on boiling the chondromucoid substance is 
converted into chondroitin sulphuric acid. The visible fibres present in the matrix 
in some cartilages may be either collagenous white fibres or yellow elastic fibres, 
j A group of cells surrounded by a common capsule constitutes a ckondrone which is 
the mechanical unit in a cartilage. Thus a cartilage is made up of a group of' 
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chond rones which together with the surrounding fibres is specially adapted to ws 
pressure, forces. The enshen thing perichondrium, where present, is mcclianisx. 
adapted to resist tensile force. In an articular cartilage where the pcndiondnuts 
absent fibre-arcades spread from one margin to the other beneath the articular imru 
and function as the tension-resisting component in this type of cartilage. ih. 
functionally a cartilage is mechanically sound in resisting both tensile and prrsr* 
forces. 


Hyaline cartilage. Most of the bones in the foetus are preformed in 1*5 
cartilage which is subsequently replaced by bones except the articular surfaces ukr 
persist as such throughout life and is 
better known as articular cartilages. All 
hyaline cartilages, except the articular 
cartilages, arc enveloped by a fibrous 
sheath known as perichondrium. Although 
the articular cartilage is a variety or 
hyaline cartilage it has some special 
features of its mm for which the articular 
cartilage has been described under a 
separate heading in the chapter on 
arthrology. 

Structure. Histologically a hyaline 
cartilage consists of ensheathing ptrichon- 
drium'made up of fibrous tissue, encap- 
sulated cartilage cells and homogeneous 
ground substance. 

The cells. The cells arc large, 
rounded and are surrounded by capsule. 

The nucleus is small with one or} more 
nuclei ; the c) toplasm is usually clear with 
a few. fat droplets, glycogen granules and 
occasionally, some pigments. The cells 
are usually arranged in groups of 2 to 8 
having a common capsule and tlius they 
indicate their origin from a single cell by 
the process of cell division. The cells towards the surface beneath the pen"' 01 
drium arc slightly flattened and run parallel to the surface; those in the deeper, 
plane arc arranged in columns at right angle to those in the surface layer. 

The intercellular ground 
The ground substance to 01 . 
hyaline cartilage is homogeneous & 
plenty in amount although ' ' 
contains a network of very *7 
collagen fibres. In spite 0‘ 
presence of fibres the honiogcn fi 
of the matrix can be explained _ 
the fact that the fibres have 
same refractive index w’ith “h 
substances (chondromucoid 2 
chondroalbuminoid) which un- 
vote betw een the fibres and net , 
cement amongst them (the coined' 
ing matrix can be removed i 

maceration to expose the fibres, 

.. .• . Thus the intercellular substan 

consists of a cementing matrix and a fibrous matrix. 



Fig. 44. Structure of Hyaline cartJar- 



FiR. 45. Micropho tograph of a Hyaline cartilage. 
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- Distribution. As already mentioned most of the skeletal frame-work of die body 
the foetus is preformed in hyaline cartilage and after birth its persistence is 
und in the following: 

: (1) Articular cartilage. 

* (2) Epiphysial cartilage. 

t3) Costal cartilage. 

(4) Cartilages of the nose. 

(5) Cartilages of the larynx except the epiglottis, cuneiform and comiculate 
cartilages, 

: (6) Cartilages of trachea and bronchi. 

, Nutrition. In the adult the hyaline cartilage has no blood vessels, no lymphatics 
nd no nerves. It derives its nutrition from the tissue fluid derived from the peri- 
nondrial blood vessels. 

| Growth. The growth in hyaline cartilage is well manifested in the foetus parti- 
ularly and during growing period. Two types of growth, oppositional growth and 
Umtittal growth arc usually found to occur in a growing cartilage. Appositional 
Jrowth takes place by proliferation of the chondrogenic ceils at the inner layer of the 
(cricbondrium whereas interstitial growth takes place by proliferation of the young 
ells at the deeper zone of the cartilage. 

Repair. Tim hyaline cartilage, when injured, is repaired mostly by proliferation 
if the cells of the perichondrium. Regeneration may, however, occur by metaplasia 
Jf the adjacent connective tissue cells. 

j Vital reactions of hyaline cartilage. (1) When a hyaline cartilage is injured, re- 
generation takes place by reparative processes as described above. (2) Both adult 
Ind growing cartilages have no power to grow in a culture medium but when a 
ragment of growing cartilage is embedded in the brain, the fragment is seen to be 
jfansfortned into bone. (3) When a cartilage is deformed by long continued me* 
dianical pressure, the change in shape obtained by such effects is permanent. This 
Adaptive change suffered by the cartilage is due to re-adjustment in the size of the 
rhondroncs which become smaller in the regions of the pressure points. 

The clastic cartilage. The clastic cartilage consists of typical encapsulated 
:artilagc cells and intercellular ground substance which contains in addition brandi- 
ng 'elastic fibres which form anastomosing network around the cells. The fibres 
icarer to the surface arc continuous with the perichondrium. 



Fig. 46. Clastic Cartilage 






Fig. 47. Structure of an intervertebral disc 
{ Microphotograph) 

Note the lamellar pattern of the fibrous tissue 
with the cartilage cells around the nucleus 
pulposus. 


1 Distribution. The elastic cartilage is found in those places where the function of 
'“Stretch and recoil” is a necessity. Thus it is found in the walls of the external 
^auditory meatus, external ear, pharyngo-tympanic tube, epiglottis, cuneiform and 
'comiculate cartilages of the larynx. 
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The white fibrocartilage. The white fibroca nil ages differ from the hyaline 
and elastic cartilages in that it has no perichondrium and its intercellular substance 
contains dense bundles of collagen fibres. The cells are usually scanty and wide 
apart. They arc typical cartilage cells with capsules. At the periphery its fibres 
merge with the surrounding connective tissue fibres. 

Distribution. The white fibrocartilage is found in those places where great strain 
with rigidity and some amount of elasticity is required. Thus it is found in the 
intervertebral disc, intcrarticular disc or menischi, symphysis pubis and at the attach- 
ment of some of the tendons and ligaments to the bones. 

BONES 


Bone is the hardest of all tissues and is a variety of vascular connective tissue 
whereTfie oigamc and in organic materia ls come into intimaje combinations so as to 
form an i ntegrated living structure. They are variously oriented as regards their 
shape amTsizc, and arc articulated in an orderly form to make the skeletal basis or the 
skeleton of the body. In man, and in most of the other higher vertebrates, the skeleton 
irfSuhd to"Bc confined within the body and is known as endoskeleton. In some other 
vertebrates as for example the tortoise, the skeletal framew-ork is found both exter- 
nally — exoskeleton, and internally — endoskeleton. In man the cxoskclcton is represented 
by the enamel of the teeth, and the nails. Dcvelopmentally, the skeletal framework 
is found to be associated with the development of the body wall as well as with the 
development of the visceral arches. Therefore, tljc skeleton may also be divided into 
somatic and lisceral skeleton. The somatic skeleton comists of bones of the trunk, limbs 
and the skull. The visccial skele- 
ton consists of the mandible, hyoid, 
auditory ossicles and the cartilages 
of the larynx. It may also be sub- 
divided into axial and appendicular 
skeleton. The bones of the head, 
neck and the trunk are included 
in axial skeleton whereas the bones 
of the limbs are included in 
appendicular skeleton. Thus the 
subdivisions of the skeleton may 
be summarised as below’: 

(A) According to location 
(») Exoskdeton. 

(n) Endoskeleton. 

(B) Developmental^ 

(*) Somatic skeleton. 

00 Visceral skeleton. 

(C) When compared to “a 
stem with appendages” 

(i) Axial skeleton. 

00 Appendicular skeleton. 

Classification of bones. 

Bones that build up human skele- 
ton arc altogether 206 in number 
including the auditory ossicles and 
the patella. They may be classi- 
fied as follows: Flo , , , 

r'g. 455. A lew long bones. 

According to development 

(“> **'"*“' *»““■. Bono that develop from membrane fall under this sub- 
group. Examples: Parietal and frontal bones. 




Temur. 
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(b) Cartilage boner. Honrs that develop in cartilage are included in thl 
sub-group. AH long bones (except the clavicle which though a long bone 
develops in membrane) such as radius, ulna, tibia, femur etc. arc examples o 
cartilage hones. 

(c) Membrano-cartilaginous 
bones. These hones develop 
partly from membrane and 
partly from cartilage, as for cx- 

* ample, temporal hone, occipital 
bone. 

According to shape, size 
and consistency 

(o) Long bones. Each long 
bone consists of two expanded 

ends and a narrower intervening Cuboid. Capitals Talui. 

portion known as the shaft. The Fig. 49. A lew short bones, 

shaft of all long bones (except 
the clavicle) is preformed in 
cartilage which ossifies from primary 
centres of ossification. The expanded 
ends of the long bone ossify from 
secondary centres. Shaft of each, 
long hone consists of a cavity 
within known as the medullary 
cavity except the clavicle, which, 
though a long bone, develops in 
. membrane and has no medulla* 
ry cavity. Examples; Femur, 

Tibia, fibula, humerus, ulna, 
radius etc. 

(b) Short bones. These are 
small, polyhedral bones whose 
length and breadth are almost 
equal. Each short bone consists 
of a spongy substance internally 
with a thin layer of compact 
bone externally. Examples : 

Carpal and tarsal bones. 

(c) Flat bones. These are 

expanded or elongated plates 
of bone, lighter in comparison 
with their size and arc usually 
developed from membrane. Sternum. Scapula. 

Each consists of two thin walls F! «- 50 A few fiat bon «- 

of compact substance and an intervening spongy substance. Examples : Sternum, 
ribs, scapula, parietal and frontal bones etc. 

(d) Irregular bones. These bones are irregular in general outline and are situated 
in those places where strain and compactness are required. Example: Vertebra. 

(e) Sesamoid bones. The term “Sesamoid” has its Arabic origin from “open se- 
same” of Alibaba and the forty thieves and it means “Seed-like”. The following are 
the characteristics of sesamoid bones : 

(t) It develops within the tendon of a muscle, 

(ij) It has no periosteum. 

• , (tii) It ossifies from the secondary centre of ossification. 

Y (id) It has no Haversian system. 
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T> t£ ^tra-tcndinous— that which develops w ithin a tendon. Example : Patella, 
1 develops within quadriceps femoris tendon. . , 

rtf) Periarticular— that which develops in the articular capsule of a mint. 
Example : The sesamoid hones of the metatarso-phalangeal joint or the 
great toe. 



Tif*. 53 \ Pneumatic bone con- 
taining a large »ir apace. 


(/) Pneumatic bones. These hones 
possess a hollow space within their 
liody which contains air. They are 
chiclly present in close proximity to 
the nasal cavities and directly or 
indirectly communicate with the 
same. 

(g) Supernumerary or ateessory 
hones. Where there are more titan 
one centre of ossification (secondary 
centre), some of the centres may fail 
to unite with the rest of the hone and 
may persist as a separate piece 
known as supernumerary or accessory 
bone. 


According to gross or macroscopic structure 

(a) Compact bones. The shaft or body of all long bones is a compact bone. When 
a longitudinal section is madeTHroUg’lrvrlOTIg" bone it is found to contain a central 
cavity within its shaft known as the mcdullaryeavity which, in the recent state in post- 
natal life, is filled up with a semisolid SuGstance known as the yellow marro JiLR nd in 
prenatal life, by red marrow. Externally it is clothed by a membr anous sh eath 
known as periosteum and internally, the medullary cavity is^Hned'tJy a similar 
mcmbrane-li£e~IlFucrure known as the en dosteum. In between the endosteum' and 
the periosteum there is a thick layer of ivory-like compact substance, the compact 
bone, which is responsible for the hardness of a long bone. The ends of long bones 
arc cancellous or spongy type of bone and contain red marrow in the recent state 
in their interior, 

(6) Spongy or cancellous bones. They have a thin outer shell of compact substance 
and a network of lamellae of bone or bony trabeculae within. Their inter-trabecular 
spaces are occupied by the red marrow in the recent state. Examples t Flat, short, 
and irreg ular bo nes and the ends o f the long bones ar e of this type. 

. ( £ ) pjpfojc bo nes. Most oFthe cranial bones arc diploic types and consist of 
an inner and an outer compact layer known as inner and outer table respectively, and 
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an intervening 
porous layer. The 
irregular spates in 
the porous layer 
are occupied by a 
spongy substance 
which consists of 
diploic veins and 
marrow substan- 
ces. The irregular 
spaces containing 
the diploic veins 
are known as 
diploic spaces. The 
outer tabic of a 
diploic bone is 
thicker than the 
inner one. 

According to 

microscopic 

structure 

(a) Lamella ted 
hone. 



Ii ff. 54, A section through upper end 
of Temur -bowing spongy character at 
the end and compact layers and me- 
dullary enuty opposite the shaft. 


(b) Haversian bone. 

(c) Fibrous bone. 

Id) Dentine. 

(?) Cement. 

(a) Lamellated bom. All spongy or cancellous bones 
and new bones in making are lamellated bones mi- 
croscopically. Here the bony lamellae are arranged 
in the form of anastomosing trabeculae containing 
irregular spaces between them which are lined by 
endosteum. The small spaces between adjacent lam- 
ellae are occupied by the bone forming cells, the 
osteoblasts, and are known as lacunae. Minute channels 
known as canaliculi spread out from the lacunae and 
communicate with the inter-trabecular spaces and 
■with other lacunae. These 
canaliculi are occupied by 
the protoplasmic processes of 
the osteoblasts in the recent 
state. The lamellated bones 
have no Haversian system. 

(b) Haversian bone. All 
compact bones, as for example 
the bodies of long bones, are 
examples of Haversian bones. 

These bones show certain 
distinctive features in their 
lamellae formation, density' 
and vascular pattern. When 
a transverse section through 
the shaft of a long bone of an 
adult is examined under the 



Tig. 56. A section 
through calcaneum 
showing spongy type 
of bone. 



r><£ 55 A section through 
-Temur sliotving periosteum 
and endosteum. 



Pig. 57. A section through 
parietal bonr showing in- 
ner and outer tah/e and 
diploie. 
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microscope the following features arc noticed : 

Close to the surface beneath the periosteum the lamellae are arranged 
in flat layers in conformity with the disposition of the periosteum and 
these lamellae are called ciramfertntial lamellae. On a deeper plane the 
lamellae are arranged concentrically around minute canals known as 
the Haversian canal and these lamellae wliich He around the Haversian 
canal arr called the Haversian lamellae. 
The Haversian canals branch and 
anastomose with each other and pass to 
the surface as well as to the marrow * 
cavity. Each canal with its series of 
encircling lamellae constitutes wliat is 
known as Ostcone or Haversian system. 

In between the Haversian systems there 
are some irregularly arranged indefinite 
form of lamellae known as the interstitial 
lamellae or ground lamellae. Between two 
adjacent Haversian lamellae are minute 
oval cavities known as the lacunae. 
from the lacunae a series of minute 
channels spread out in all directions 
through the matrix and these minute 
channels arc called the canaliculi. These 
canaliculi communicate with the adja- 
cent lacunae by piercing through the 
lamellae, and finally from one lacuna to 
the other they establish communication with the 
Haversian canal. Thus, to summarise, a compact bone 
is found to consist of three types of bony lamellae, the 
circumferential lamellae, Haversian lamellae and (he 
interstitial lamellae, and the Haversian canal, lacunae and 
canaliculi. 

The Haversian canal in the recent state is found 
to be occupied by blood vessels, lymphatics, nerves, 
a few wandering cells from the marrow and a few 
osteogenic cells (osteoblast). The osteogenic cells 
form a lining around the canal and thus intervene 
between the bony sulistance and other tissues con- 
tained within the canal. 

The lacuna or the space in between the lamellae is fully occupied by an osteocyte 
which sends out protoplasmic processes through the canaliculi and these processes 
become continuous with the similar processes from the neighbouring cells. 

Thus from the nature of the structure of a bone it is evident that the bony tissue 
is completely porous through the system of Haversian canal, lacunae and the 
canaliculi in each Haversian system. It is also evident that a true cellular syncytium 
of the osteogenic cells together with blood vessels and nerves pervade through each 
Haversian system. The basis of the osteogenic cells explains the osteoblastic activity 
(bone forming activity) during the repair of a bony tissue while the blood vessels and 
nerves are concerned with the nutrition of the tissue. 

, W Fibrous bone. Tin's is a variety of bony tissue where the surface of the bone 
^ is pervaded by a dense network of fibrous bundles which are continuous with the 
j fibrous tissue of the surrounding periosteum and therefore, the periosteum is difficult 
Jo be stripped off from the surface of such bones. The diaphysis of a growing bone 
^ is a variety or fibrous bone and the Sharpcy’s fibres in the adult bone represent the 
fibrous pattern of the young bone. In reptiles and amphibia most of the bones ure 
fibrous types. 



1*115, 59 . A transverse section 
ot Temur showing Lamellar 
arrangement (Diagrammatic). 


INTEMT1T1AI IAMU.A 
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(<£) Dentine. The portion of a tooth that intervenes between the enamel 
(over the crown) and the cement (over the root), externally, and the pulp cavity, 
internally is known as dentine. Though a variety 
of bone-tissue, it has no bone cells or any other cells or 
lacunae. It is ivory-like and is much harder than 
the bone. Structurally it consists of collagen 
fibres that run along its long axis and are 
embedded in a calcified ground substance. Its 
wall is perforated by innumerable small can- 
aliculi known as dental tubules. Each dental 
tubule begins at the pulp space and proceeds 
across its wall to deep aspect of the enamel 
or cement. In its course towards the enamel or 
cement it gives out a series of branches and 
becomes gradually .narrower. Each dentinal 
canal or dental tubule contains a protoplasmic 
fibre, Tomesfibre which is the process of an 
odontoblast contained within the pulp space. 
The wall surrounding each dental tubule is 
comparatively harder and denser than the rest 
of the dentine and is usually known as Neumann's 
dental sheath. 

(<) Cement. The cement lines the dentine 
at the root and intervenes between the dental 
periosteum and the dentine. Structurally it 
consists of bone cells and collagen fibres which lie in a 
calcified ground substance which is continuous with 
the dentine. The cement is lined externally by the dental periosteum the fibres of 
which are engrafted externally to the wall of the alveolar socket and internally 
to the wall of the cement. 



Tifr GO. A section of tooth showing 
its structure. 


Periosteum. Except over the articular surfaces, bones are enclosed within a 
sheatli of tough membrane known as the periosteum. In long bones the periosteum is 
easily separable from the surface except close to the ends and over the areas of 
muscular attachments where it is firmly adherent to the surface of the bone. Near 
the articular margin at the ends, the periosteum is continuous with the capsule of the 
joint from the articular margin. 


Structure. The periosteum consists of two layers, an outer fibrous layer and 
an inner osteogenic layer. The outer fibrous layer consists of white fibrous tissue 
mostly with a few elastic tissue embedded in it; it also contains numerous blood 
vessels, lymphatics and nerves. The inner osteogenic layer is made u p of c ompani - 
tively looser connective tissue which is highly vascular. The cells of this layer 
are osteogenic, that is, they are capable of showing osteoblastic activity (bone 
forming activities) in times of need and during growing period. It is for this 
reason that the inner layer of the periosteum is called the osteogenic layer. At 
certain places, particularly opposite the attachment of muscles and in the region 
of the ends in long bones, fibrous processes from the periosteum penetrate through 
the substance of the bone and these periosteal processes arc known as the per- 
forating fibres of Sharpey. The deeper portions of these perforating fibres of Sharpey 
become ossified and it seems as if the muscle, the periosteum and the superficial 
lamellae of the surface bone, all have been “nailed” together to secure better 
anchorage. 


, Function. The periosteum provides nutrition tn thc-tnrfaic bone (nutritive 
' function ) ; it helps in bone formation during growth and repair of bones ( osteogen ic 
Y function ) ; it serves as a limitinsr membranr_\ y hich prevents overgrowth of bone;" the 
' perforating fibres of Sltarpcy provide better anchorage for the muscles as well as for s 
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the superficial lamellae of surface hone. It serves for the attachment of the muscles, 
tendons and ligaments. 



Physical properties of bone. A 
fully formed bone is hard and at the 
same time clastic but when it is kept 
in weak acid solution, for some time 
it Joses its hardness and becomes elastic, 
so much so, that when a rib is treated in 
this way a knot can be tied in it. The j 
reason for this is that the mineral matter 
of the bone is dissolved out due to 
prolonged immersion in add solution 
and only the animal matter is left behind 
which is clastic. Thus jt appears that 
the hardness of a bone is due to its 
contained mineral matter. Similarly, 
a l>onc when burnt, it loses its animal 
matter but the minerals arc left, bclund 
due to which, though burnt, the bone 
maintains its shape but becomes brittle. 


Chemical composition of bone, (i) Animal matter — 33-3 per cent (It ■gives 
resiliency and tenacity to the bone), (u) Mineral or morgamc substances m the 
form of cal phosphate, cal. carb., mag. phos., cal. floundc, etc. — 66'7 per cent. 

Functions of bone. ([) It acts as a supporting framework. (2) It serves as 
levers for muscles. (3) It is protective in nature. (4) It contains red marrow 
which is the factory or ll.B.C. (5) It is the store house of calcium. 

Morphogenesis of bone. A bony tissue 
consists ol bone cells embedded in a calcified 
matrix winch forms the main bulk of the tissue. 

Done cells. Mesenchymal cells differentiate 
into osteoblasts which later on change into adult 
bone cells (Osteocytcs), The osteoblasts during 
the later part of its development lay down the 
matrix which surrounds the cells and thus the 
bone cells lie in small, round or oval spaces, the 
lacunae. EaeFi bone cell sends out protoplasmir 
processes which pass in all directions through the 
matrix forming canahculi in the matrix. 

Matrix. The matrix is composed of both inorganic and organic substances, 'flic 
inorganic substance is made up of calcium, phosphorus and a trace of magnesium, 
etc. and the ratio between the calcium and phosphorus is almost constant in normal 
conditions The organic part of the matrix is made up mostly of substances which 
resemble collagen of the connective tissue and is known as ossein. Mucoid and 
albumoid substances are also present in traces and arc known as osseomucoid and 
osseoalbttmoid substances respectively. 

During the early period when the osteoblasts begin, _tp form the matrix intern oven 
fibres arc seen to appear in the matrix which (fibresj^arc cemented together by an 
amorphous material. Later on the fibres are grouped into osteocollagenous bundles 
which are arranged to form separate individual lamella; fibres of one lamella may 
pass on to the other and establish a firm bond of union between the lamellae; the 
bony lamellae thus formed are variously arranged and it is the arrangement of the 
lamellae that determines the consistency of a bone. Thus, when the lamellae are 
mainly arranged in trabecular formations in varying patterns Spongy or cancellous 
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type of bone results, and when they are arranged mostly in concentric layers, compact 
type of bone results. 

OssirtCATiOtf of bone. The process of gradual bone formation is known as 
ossification. Mesenchymal cells, which differentiate into osteogenic cells, prior to 
actual ossification, form a structural basis which may be cither a membrane or a 
cartilage in which ossification is to take place. Depending on the formation of this 
structural basis in the initial stage the process of ossification may be classified into 
intramembrnnous and inlracnrlHaginons types. 

Intramembranous ossification. “Intramembranous ossification”, as the 
name implies, is the process in which ossification starts directly in a membrane w ith- 
out having passed 
through cartilaginous 
stage. In the early 
embryonic fife, the 
region, in which a 
membrane bone is to 
develop, shows con- 
densation of the mes- 
enchymal cells. Soon 
blood vessels rapidly 
proliferate within the 
condensed area so 
that it becomes more 
vascular. Later on 
„ . . . the mesenchymal cells 

Fig. 63. Stages of Intramcmbranouj ossification (Diagrammatic). behave like the 
connective tissue in which collagen fibres arc found to be embedded amongst the cells, 
thus a membrane-like structure is formed— bones in making in membrane. Subse- 
quently the mesenchymal cells at the centre of the membrane differentiate into bone 
forming cells (osteoblasts) which are characterised by larger size with larger amount 
of basophilic cytoplasm. As soon as the osteoblasts are formed the matrix also shows 
signs of specialisation. On the pre-existing fibrillary basis of the matrix a new solid 
type of matrix (calcified bony matrix) is added and as a result, the newly formed 
osteoblasts become burned in the matrix. Concurrently, the cells towards the surface 
multiply by mitotic division and some of the resulting daughter cells become 
osteogenic and form the osteogenic layer of the periosteum while others show 
fibroblastic changes and form the outer fibrous layer of the periosteum. 

Ossification starts at different points in the centre of a future membrane bone to 
form the centres of ossification which coalesce together and then spread radially in all 
directions. Pari passu with these changes remodelling processes by the osteoclasts 
continue simultaneously until a regular bony pattern is formed. 

Intra cartilaginous or Endochondral Ossification. Mesenchymal cells 
form the primary basis for both intra-membranous and intra-cartilaginous types of 
ossification. In intramembranous ossification the mesenchymal cells differentiate 
both directly, and indirectly by mitotic division into osteogenic cells 
whereas in endochondral ossification, as in a long bone, the mesenchymal cells 
first differentiate into cartilage cells and cells forming the perichondrium, then 
there is calcification and degeneration of the main mass of the cartilaginous model; 
then the osteogenic cells differentiate from the deeper layer of perichondrium 
(which has potentiality both for osteogenic and cartilage cells) and the degenerated 
cartilaginous mass is replaced by bone by ossification. Thus endochondral 
ossification can be studied under the following heads : 

(1) Stage of mesenchymal condensation or formation of bony rudiment. This is the 
earliest stage of endochondral ossification in which in the region of the 
future bone formation the still undifferentiated mesenchymal cells arc 
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massed together to form the undifferentiated mesenchymal condensation or 
the bony rudiment. 

(2) Stage of tlmdriftealion. In this stage the cells of the condensed mesen- 
chymal mass are converted into cartilage cells to form the cartilaginous 
basis of endochondral ossification. 



1 ig 61. Siago of Endochondral ossification (Diagrammatic). 


The cells ol the bony rudiment arc soon found to have an appearance 
intermediate between fibrous and cartilaginous cells and this differentiation is said 
to form procartilage. Then the cells in the centra) zone becomc clongatcd and 
lie in a direction at right angle to the long axis of the bony rudiment and each 
acquires a capsule within which the cell multiplies by cell division, and thus adds 
to the length of the rudiment. Concurrently with this cliangc in the central zone, 
the mesenchimal cells on the surface opposite the centre of the rudiment also 
become elongated and arc disposed longitudinally. These elongated cells on the 
surface differentiate into fibroblasts to form the perichondrium. Then the process 
extends towards the ends of the rudiment and thus the. perichondrium surrounds 
the whole mats except the extreme ends which enter into the formation of joint. 
Part passu with the formation or the perichondrium the whole- mass within the 
perichondrium becomes cartilaginous — the mesenchymal cells changing directly in- 
to cartilage cells and the stage of chondri- 
fication thus ends. 

Stage of calcification and. degeneration of the 
tnam mass of the cartilage. 

The cartilage cells in the centre of the 
cartilage become enlarged and vacuolated 
and they become soon calcified due to deposi- 
tion of calcium salts. The cells adjacent to 
the calcified area proliferate rapidly and 
arrange themselves in rows or columns which 
extend towards the ends. The process of cal- 
cification gradually extend into the adjacent 
areas and the cartilage cells become hurried 
in the calcified matrix. The cartilage cells 
being burned in the calcified matrix arc 
deprived or their nourishment and die 
rapidly due to autointoxication; with the 
disappearance of the cartilage cells empty 
spaces are formed which are known as 
primary areolae. 



Stage of ossification. Prior to the start or r *3 4 G5 ’ M'cmpWograph of a growing 

fiitn* ruttrr* Nole Jbe formation of lie peicnar)' are* 

into outer fibrous and inner cellular layers. ohc in the degenerated cartilage tna»J 
The cells of the inner layer differentiate into osteogenic cells (osteoblasts) which 
begin to form bone beneath the periosteum and thus the calcified cartilage mass 
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is ensheathed by a layer of surface bone underneath the periosteum. Concur- 
rently with the formation of the lamellae of surface bone new vascular tissue 
(which differentiates in situ) together with osteoblastic and other cells forms 
periosteal buds which erode through the calcified cartilage mass towards its 



centre. The periosteal bud during the process or erotion gives rise to the formation 
of numerous large empty spaces, known as the secondary areolae the walls of which 
are soon invaded by bony trabeculae. Concurrently with the formation of 
the surface bone, periosteal buds convert the inner calcified cartilage matrix 
into bone and thus endochondral bone formation ends except at the ends of the 
long bone (epiphysis) which remain cartilaginous and are ossified from the 
secondary centre of ossification after birth. The epiphysial cartilage which inter- 
venes between the cartilaginous epiphysis and the diaphysis also remain unchanged 
until the growth in longitudinal direction of the bone is completed. 

Formation of epiphysial cartilage (in ease of long bone only). It is already learnt (hat 
the cells in the central zone of the mesenchymal condensation directly change into 
cartilage cells while those cells which lie towards die ends of the future bone multiply 
by mitotic division and then change into cartilage cells. These young proliferating 
cartilage cells give rise to the formation of the epiphysial plate and the epiphysis. 
The cells on the epihysial surface of the epiphysial cartilage continuously proliferate 
until growth in longitudinal direction is completed. The mature cells on the opp- 
osite surface of the epiphysial cartilage degenerate and their places are taken up 
by extension of bone formation from the diaphysis. 

In conclusion, it may be said that, although, only for better understanding the 
process of endochondral ossification has been divided into several stages, the changes 
come in so quick succession that clear-cut demarcation between the stages is difficult 
to be ascertained. The stage of formation of epiphysial cartilage is only associated 
with those bones which have epiphyses. 

Parts of a growing Jong bone. A growing long bone consists of two cartila- 
ginous ends known as the epiphyses which ossify from secondary centres of ossification 
and an intervening portion Jmown as the diaphysis. The epiphysis and the diaphysis 
form two distinct portions which are united together through the medium of a plate- 
4 
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like cartilage known as the epiphysial cartilage. The portion of the thfxphjsh adjacent 
to the cpiphysk is called the metaphysis. 



I Paris of a growing long bone. 


Djaniysk. The tubular 
shaft or body of a growing long 
bone which intervenes between 
the two epiphyses or the cartila- 
ginous ends is called the di- 
aphysis. It ossifies from the 
primary Centre of ossification/ 
Macroscopically, on transverse 
section, it presents the same 
features as that of the sliaft of 
an adult long bone. The perios- 
teum is firmly adherent to the 
surface of the bone due to the 
presence of bundles of collagen- 
ous fibres on its surface with 
which the periosteum is con- 
tinuous. 

Microscopically the dia* 
physis diners from the sliaft 
of an adult long bone in hav- 
ing no Haversian system and 
its surface presents collagenous 
bundles of fibres which are 
continuous with the periosteum. 
Thus microscopically it is a 
fibrous bone. 

Metaphysis. The portion 


of the diaphysis adjacent to the epiphysial cartilage is called the metaphysis. It con- 
sists of soft vascular bony tissue where growth activities arc highly manifested. 


Importance of metaphysis : 

(1) Growth activities arc predominantly marked in this area. 

(2) This is the most vascular part of the long bone because most or tlie Wood 
vessels supplying the bone anastomose in this area. 

(3) Most of the muscles of the joint arc inserted in this area. 

(4) This area is more often liable to injury because it is more exposed to 
muscular strains due to the attachment of the muscles in this area. 

(5) Sometimes the metaphysis extends within the line of attachment ol 
the capsular ligament and infection of one may spread to the other. 

Mdaphyses which are partly or wkolely inlracapsular: 

(1) Upper and lower ends or humerus and femur. 

(2) Upper end of radius. 

(3) Lower end of ulna. 


~ . ucgcncraie wiui , 

rowing osteoblasts together with sprouting blood vessels invade these degenerate 
cartilage cells and replace them with new bones. These blood vessels from tin 
metaphysis which invade the epiphysial plate are end arteries, comparatively under ii 
calibre and show peculiar bulbous dilatation at their ends (“Hair-pin terminus”). Thes 
", ?P cc iat leaturcs of metaphysial blood vessels are responsible for bringing about som 
„ orm stagnancy ' m the circulation in this part of the bone and as a result, haemaW 
genous infection usually tend to localise in this part producing a condition known 
as osteomyelitis (Juvenile type). 
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Epiphysis. The e piphysis is that p ortion of a lon g bon e whic h develo ps 
from secondary c enErc'oT O ssifi cati on. T his'xs pr esent o nly inc ases Of long ho nes; m 
long Uon csirs uahy t here arc two epiph yses, e ach bein g pre sent in the corresponding" 
end of ttuThone juid up to certain period of a ge tli cyT rem ain se parated from tEerest 
of tlic bone By a platc -Ilkc cartilag e kno wn as the e piphysial cartila ge. T ..a ter on^ 
the epiptL^sLll'cartilage "undergoes ossifica tion a nd t he cp ipKysis'and the rest of the 
bone Incomes osseousiy' corn Tmiou iivith onc~anothcr. In cemftrtqng*bones there is 
orilylm e epip hysis, as injEScaieo f metacatp al and metaEa rs aTbon gs. ~ 

Usually there arc three types of epiphysis, namely pressure epiphysis, traction 
|» ‘epiphysis and atavistic epiphysis. The pressure epiphyses are usually found at the ends of 
long bones (die expanded end3 of long bone) such as, humerus, femur, tibia, fibula, 
ulna, radius etc., and are protective in nature during growing period when they are 
specially adapted to protect die more important epiphysial cartilage from the effects 
of stress and strain. “Traction epiphysis ” as the name implies, comes into being as a 
result of pull by the muscle attached to it, as for example, trochanters of the femur. 

Atavistic Epiphysis. T he ata vist ic epip hysis (atavus— an ancestor) represents 
such boncs that have reliogrcssccf mostly with the pro gress ol'evoiu tion jnd that their.., 
rudimentary remnants, whicKTa il to show separate existence, ~ar c found to remain 
fused witfrudjacenriioncs, as for example^ die^T ofacoidTproc ess of scap ula. In' 
reptiles tlurcorticOuT Eonc fof msI xnTn dcpcxident ele ment of the pcctoraTg i rdie and ( $~L 
a relativelydaxgtf bonci IT T mamm als with the change i n mechani sm ant flunctio ri 
of the sKou13erjjitdle th e cora coid bo ne lias r etrogress ecTconsid erab ly and is r e- 
presen tcd~l)ym^mall subc ofacoH lsecon dary centre w fucl^LcvclQpsin asso ciation wi th 
the scapula. The pubic crest, the margins oTthe hcliiopubi c ram i andThelschiaT - 
„ tuberosity are also known to forme d atav istlcally ancTare reprcsentaiiYO-Of t he 
, median pelvfiTbar. Tlic epiphysi s of fl ie calcaneum ancTtfie scaly epiphysis of the 
ol ecran on alsojall und er atavist ic e piphysi s (Faison). * 

ATenariTTipiphysis. Normally tHem gta carpa l bones h ave only on e e piphysis 
at their distal end cxce pt~tTi e firet w hich tias apr oximaLepiphysS. Occ asional ly^ 

, the first ^hctttea rp alTti5y~ 1 lave a'tiis lar cpiphysI sTmaddition to its pr o ximal one \vHicir ~~ 
is normally^rcscnf; TTic d istal_cpt pliysTTSr th e fi rst metararpa l when it cxIstsTis' __ 
ca lled! ts jiberraht epiphystsTSimiumy the secontTand the fifth metac arpal as!ve lfas 
the se cond a nd lifilTmctalarsals ma yUevelop ab err ant epiphy sis at their prox ima l end. 

Laws of ossification 

fl) Ossification may begin either from a membrane or from a cartilage. 

(2) Ossification begins from a particular point and spreads out in a radiating 
manner to different portions of the bone. The point from which first ossification 
starts is known as the centre of ossification. 

(3) Centre of ossification may be primary or secondary. 

(4) Primary centres may be single or multiple and usually appear before birth 
with the exceptions of the os cuneiformis and os navicularis. 

* v (5) Secondary centres are usually multiple and appear after birth with the • 

exception of the lower end of the femur where secondary centre of ossification appears 
before birth. 

(6) Primary centres, when multiple, all appear simultaneously. 

(7) Secondary centres, when multiple, do not appear simultaneously but appear 
at different dates of life. 

(8) The epiphysis which begins to ossify first, unites with die diaphysis last and 

* vice versa (Law of union of epiphysis). The only exception to this is the lower end 
d of the fibula where ossification begins earlier and unites with the body earlier. 

■f The union of the epiphysis is guided by the direction of the nutrient artery and 
1 the epiphysis towards which the nutrient artery is directed unites with the diaphysis 
'* first but here the ossification starts later in comparison with the other end. In 
t other words both ossification and union of the epiphysis are mainly guided by the 

* direction of the nutrient artery. 

$ (9) The centre of ossification for the epiphysis appears first in the growing end of 

* the bone. 



52 


HUMAN ANATOMY 


(10) The different centres of ossification of an epiphysis unite together first 
before union with the diaphysis. 

Nutrition of bones. A bone gets its nutrition from the blood which readies it 
through blood vessels in different ways. The mode of distribution of blood vessels 
differs according to the type of bone. Thus a long bone lias a definite system of blood 
supply which differs from that of a fiat bone and other types of bone and as such 
the blood supply of bones has been described separately under separate heads. 

Blood supply of lono bones. A long bone gels its blood supply from the 
following sources : 


ANAVTOMOM 
u MtfAnmii 



(I) 


(2) 


(3) 


Nutrient artery. The nutrient artery enters the 
long bone through the nutrient foramen which 
is present in the shaft of a long bone. The 
artery becomes very much tortuous before it 
enters into the nutrient foramen and tliis tor- 
tuosity saves the artery from being injured 
during active muscular movement and also it 
prevents the blood pressure to be altered during 
the active movement. On entering into the 
bone the artery soon breaks up into two branches 
— one for each end of the bone. Each artery then 
again breaks up into smaller parallel branches 
which run into the mctaphysLs. 

Juxlra-epiphjsial blood vessels. These are small 
arteries derived from the arterial anastomosis' 
around the joint and they enter the bone by 
piercing it opposite to the attachment of the 
capsular ligament and then pass to the racta- 
pliysis where they end. 

Epiphysial bloodvessels. They are also derived 
from the arterial anastomosis around the joint, 
they penetrate into the epiphysis and end by 
supplying it. 

Periosteal blood vessels. 

These blood vessels lie 
within the periosteum 
from which twigs arc 
given off which pierce 
the compact part of the 
bone and end by sup- 
plying the superficial 
portion of the bone. 

Blood supply of short lono bones. The short long 
bones (metacarpals, metatarsals etc.) have only one cpi- 
physts and one metaphysis. The system of blood supply 
in these bones are as follows : 

(1) Nutrient artery. It enters the bone through 
nutrient foramen and breaks up into several 
branches which freely anastomose to form plexuses 
/or e . supplying the shaft of the bone. 

W tp'Phjstal and juxlra-epipkysial blood vessels 
f ,v W 0l *Jy die epiphysial end of the bone. 




rig. 69. Blood npply of a 
long bone. 



Fig. 70. Blood supply 
of a short long bone. 


AtlteradoppoSteto the epiphysis there is insufficient blood supply and 
so m e Mo od, esscltmemb.ns .pifoM supply this en d ortte tone. 

thc *****-* -W*r ■><• 
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Applied Anatomy. Because the nutrient artery after entering the shaft of the bone breaks up into 
branches which form plexuses within the shaft, tuberculosis and syphilis of short long bones arc 
so common in the shaft in contrast with the long bones where these diseases mainly affect the ends 
which are rich in blood supply. 

Blood supply of flat bones. (1) Nutrient artery . It is very small and after 
entering the bone it breaks up into branches which ramify all through the bone. 




Fig. 73. Blood supply of a typical vertebra. 




(2) Periosteal vessels. They form 
the principal sources of blood supply 
and are rich in number. 

Blood supply op I regular 
bones, (vertebrae), (i) Two large 
vessels enter into the body through an 
aperture on its posterior surface and 
break up into branches which supply 
the body, (it) Smaller vessels a bo 
pierce the antero-lateral aspect of the 
body, (tin) One vessel enters the root 
of the transverse process and then 
divides into branches which pass to 
the lamina, pedicle, spine and the 
transverse process. 

Applied Anatomy. In case of vertebra 
the body is richly supplied by blood vends 
and consequently tuberculosis and syphilis 
are so frequent in the body of a vertebra. 

Nerve supply of bones. 
Nerves supplying the hones arc both 
myelinated and non-myelinated. 
They accompany the blood vessels to 
enter into the substance of the bone. 

The lymphatics of bone. 
The lymphatics of bone arc mostly 
confined to the periosteum and to 
the Haversian systems. There is no 
lymphatics in the marrow ' ^ 
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The lymphatics of the Haversian system accompany the blood vessels entering the 
bone and they drain into the periosteal lymph vessels. 

Growing end of a long bone. The growing end is that end of a long bone 
towards which the growth in length of the bone usually occurs. Thus it appears 
that the growth in length of a long bone does not occur equally on either direction 
but it proceeds in one direction mostly, or in other words, it is almost a one-sided growth 
and the end towards which it occurs is called the growing end. The growing end and 
the direction of the nutrient artery arc closely intcr-rclatcd. The end which lies opposite 
to the direction of die nutrient artery is the growing end of a long l>onc. , 

Direction 0 / the nutrient artery. The direction of the nutrient artery in case of die 
long bones of the limbs can be ascertained from the saying “To the elbow I go, from 
the knee Ttlee”. Incase of ulna, radius, and the humerus the nutrient artery is directed 
towards the elbow joint, lliat is, in the humerus it is directed towards its lower end 
and in case of ulna and radius it is directed towards their upper ends. Similarly in 
the femur, tibia and the fibula the nutrient artery runs away from the knee, that is, 
it passes towards the upper end of the femur and towards the lower ends of the tibia 
and fibula. 

Growth of Bone. The growth of a bone can better be studied in the case of a 
long bone. During growing period with advancing age a long bone is seen to gain 
in thickness as well as in length. The gain in thickness is accomplished by continuous 
surface accretion of bone beneath the periosteum and pari passu with the gain in 
thickness the medullary cavity enlarges by the continuous absorption of bone by the 
activity of the osteoclasts. The gain in length is found to be executed at the expense 
of the epiphysial cartilage at the ends of a long bone. The cells of the diaphysial " 
surface of the epiphysial cartilage show signs of degeneration and at the same time 
process of ossification extends from the metaphysis and replace these degenerated 
cells by new bone. Pari hassu with the degeneration of the cells on the diaphysial 
side, the cells on the epiphysial side of the epiphysial cartilage proliferate and thus 
the growth in length takes place at the expense of the epiphysial cartilage which 
degenerates on one side (their place being taken up by osteogenic tissue) and proli' 
ferates on the other. This process continues until full growth b attained when the 
cells on the epiphysial side or die epiphysial cartilage no longer proliferate and the 
extension of ossification from the diaphysb convert the epiphysial cartilage into bone 
and fina l l y the epiphysis and diaphysb become osseously continuous with each 
other. 

, ■f n casc °f bones of die vault of die cranium the gain in thickness b due to sub* 
periosteal deposition of bone externally while continuous bone absorption occurs on 
their internal surface. 

, Factors associated with bo.ve CROwnr. The fundamental processes involved 
m bone growth arc nutritional factors and hormonal influences. 


Nutritional Factors. Mineral Salts — Several nutritional factors must be 
contained m the diet so that growth of bone may be normal. Deficiency of calcium 
and phosphorus, and to a less extent magnesium and fluorine affects the growth of 
the bone adversely during growing period. Deficiency' of Uiese salts in the adult 
leads to resorption of calcium from the bone leading to a condition known a 5 
osteoporosis During -growing period deficiency of these salts leads to retarded grow* 
and irregular bone formation; the strength of the bone b also remarkably diminished- 


nrnJtvf am r D ' ■r V £ UI 5 t n D 15 a . n csscn,ml requirement towards satisfactory b° n; 
n -n , ,f ,* e djct contains calcium and phosphorus sufficiently, absence 0 
r A t0 n ^l a condition which leads to stunted growth, irreguta 
ii? aW? ? r and tnaiufcsttuoii of soft bohe. It is believed that Vitamin D help 
' 11?”; “4 phosphates from the intestines and keeps them in prope 

' S ',", b! °°^-., E ?P°;meiital studies show that VitamiH D acts tfoW 
parathyroid gland which it stimulates to elaborate its hormone. 
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Vitamin A. Vitamin A has also its important role in the control of normal bone 
growth. Recent experimental studies show that deficiency of Vitamin A during 
growing period leads to a condition in which the bone becomes thickened and 
rough; there are also superfluous growths, particularly at the margins of the foramina 
and at the sutures, leading to pressure symptoms and degenerative changes. It is 
further revealed that in areas where the osteoclasts are mainly concerned in remodel- 
ling of bone their number becomes remarkably scanty, on the other hand, osteoblasts 
show marked preponderance over the area of the superfluous bone growth. It has 
been suggested that Vitamin A controls the remodelling processes by the balanced 
^distribution of the osteoblasts and osteoclasts. 

Vitamin C. Vitamin C deficiency leads to a condition known as scurvy in which 
delay in healing processes, abnormal bony changes, haemorrhages and anaemia arc 
characteristic features. It is known that vitamin G is responsible for the production 
of intercellular ground substances in the form of collagenous fibres in fibrous tissue, 
matrix of bone and cementing substance of the vascular endothelium. It has already 
been learnt that prior to calcification osteoblasts lay down collagenous matrix on 
which calcification takes place. Thus it may be observed that vitamin C controls 
the calcification of bone in making the fibrillary basis of collagenous fibres on which 
calcification is to take place. 

Hormonal Influences. Parathyroid — The infernal secretion of parathyroid 
body is essentially concerned with calcium metabolism and so with bone growth. 
This hormone in normal concentration maintains the calcium equilibrium between 
blood and tissues. Hyperconcentration of this hormone in blood leads to mobilisa- 
tion of calcium from the bones which results in hypercalcimia. In hypercalcimia 
the blood calcium is enormously raised, excretion of calcium is increased and the bones 
arc depleted of calcium and there is associated pathological calcifications. It is 
believed that calcium exists in blood in two forms, diffusible and non-diffusible. The 
amount of non-diffusible form of calcium in the blood is dependent on the amount 
of parathyroid hormone; there is an equilibrium between the diffusible and non- 
diffusible forms of calcium in the blood and the blood calcium in turn is in equili- 
brium with the calcium of bones. In hyperparathyroidism this non-diflusible form 
of calcium is greatly increased and consequently diffusible form of calcium is also 
increased (to keep equilibrium with non-diffusible forms) giving rise to high calcium 
content of blood. As the calcium content of the bone is in a kind of equilibrium with 
the blood calcium, calcium is mobilised from the bones to the blood. In hypopara- 
thyroidism on the other hand there is defective calcification of bones, low calcium 
content of the blood and thereby tetany, rickets, spasmophilia etc. result. Thus 
parathyroid hormone must be in the blood in adequate amount so ns to maintain 
normal growth of bone. 

Thyroid. Removal of thyroid gland during growing period affects the growth 
in length of the long bones adversely and results in shortening of length. It is believed 
that thyroid hormone has no direct influence on bone growth but its absence affects 
their growth indirectly by depressing the general metabolism of the body. 

Pituitary- Body. The growth promoting hormone of anterior pituitary bears some 
definite relation with the skeletal growth. Hyperpituitarism during growing period, 
results in gigantism and after growing period, in acromegally. In experimental 
hypopituitism during growing period the epiphysial cartilage shows degenerative 
changes resulting in stunted growth whereas in experimental hyperpituitarism the 
epiphysial cartilage is seen to proliferate considerably resulting in increased growth. 
Thus it b evident that pituitary hormone (anterior pituitary) lias definite control over 
the bone growth. 

Testicle. Removal of testicle in man during growing period results in skeletal 
overgrowth and it b believed that testicular hormone delays the closure of the 
epiphysial cartilage and consequently delays union of epiphysis and diaphysb and 
thus results in skeletal overgroivth. 



56 ' HUMAN ANATOMY ‘ , 

Vital reactions of bone. A living bone always reacts to stress and strain 
whether it is internal or external. Thus when internal strain is increased, as by 
removing die tibia from the leg, the fibula becomes thicker and stronger; similarly, 
when the internal strain is reduced, as in conditions of muscular paralysis, the bony 
trabeculae become thinner, and the lacunae and the Haversian canals become wider, 
and the bone becomes weaker, although the general form of die bone remains un- 
affected. In ricket, a condition where the bone becomes softened and bent, a strut 
of bone along the concave surface of the bend develops. Similarly, when a bone is 
subjected to external strain, as by applying pressure on the surface, absorption of bone 
occurs due to impaired blood supply, and a depression appears over the point of the; 
pressure. The articular end of a bone which is lined by avascular articular cartilage 
docs not show this change unless the cartilage is damaged. If the direction of the stress 
and strain changes due to some abnormal conditions or to some operative measures, the 
pattern of the internal construction changes and a bony reconstruction to suit the 
new condition of stress and strain takes place. If a bone is fractured it reacts in an 
ingenious way towards its repair (see regeneration of bone). 

The osteoblasts and the osteoclasts are the bone-forming and bone-destroying 
celts respectively in a bone. The osteoblast never changes its creed of bone formation 
even when it is isolated from its normal abode. Thus whether it is cultivated in an 
artificial medium or it is transplanted to a tissue other than bone it continues to form 
hone. 


Regeneration of Bone. Regeneration of hone after fracture represents almost 
the same processes in a modified way that take place in endochondral and intraracm- 
branous ossifications. Whenever there is a fracture it is associated with rupture of 
blood vessels contained within the bone as well as others from the surrounding soft . 
tissues - . The extravasated blood and the tissue fluids soon coagulate and this 
coagulum of blood and tissue fluid surround the fractured ends and occupy positions 
underneath the periosteum, within the medullary cavity (in case of long bone) and in 
between the fractured ends of the bone. The ruptured endothelial cells from the 
blood vessels soon proliferate and invade these coagulated masses and in no time the 
whole mass is vasculariscd and is converted into a granulation tissue. Thus a bond 
of union by soft tissue (pro-callus) is soon established within seven days between the 
fractured ends. Later on, osteogenic cells from the deeper layer of the periosteum, the 
Haversian canals .and from the endosteum soon proliferate, and depending on the 
degree of vascularity of the local part, gives origin to two types of cells, osteoblasts and 

carfilatri* rpllo tl... v,-: j. i j , .. . , 


cartilage cells, the latter being developed in less vascular part. "With the develop- 
ment of these cells calcification sets ip — >'« 


i .1 * * * n ant * l he calcified osteo-cartilaginous mass is 

called the callus which forms the basis of hard tissue union c~ 4t -“ — : — v " " H " f - 


T . „ . - - — - — •»* umuii or the union by (alias. 

ine callus is seen to be formed underneath the periosteum, between the fractured 1 
ends and within the medullary cavity. The callus that lies externally underneath the 
periosteum is called the external callus, that within the medullary cavity, the Mtn» 
ccHw and that in between the fractured ends is called the intermediate callus. This 
caioiicd osteo-cartilaginous mass, or the callus, is then invaded by the osteoblasts 1 
and the growing blood vessels and is replaced by true bony tissue in the same process 
l!..!-, ossification. Thus a bony union is established. Finally osteo- 
*"!“ play <° take up the task or remodelling, the superfluous growths arc 

iSvS; ) ^l' d r "& C( r ly " " rorra ' d and ,rae M 


not cSto «^1t 1 t lC, .t r th ° ad<llt . b '™' c ' lb occupy the lacunae of the bone do 

for SSL a filvL ir 1 ' rl 5!T i, '"c °I ,h,: w > th = oUicr hand they degenerate 
tor wittun a few mdhmctre from the fractured ends. 
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body^in sonte'fcrm'n. Prrmeates through all the tissues orthe 

and o™2dhS Z h 7'l nr “”? "takty to them by conveying nutritive elements 
xyg n, dissolves out the injurious metabolites from them and makes them 
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thriving for the existence of the organism anti for this, it is so often referred to as 
“life”. 

It is a variety of connective tissue in which the intercellular substance is a liquid 
and (s derived from the mesodermal tissue. The cellular elements of blood consist of 
red blood corpuscles, white blood corpuscles and the platelets while its intercellular substance 
is a liquid which constitutes the plasma. 

Properties of blood: 

Colour. The colour of the blood varies according to its source. The arterial 
k blood is bright-red in colour due to oxy-haemoglobin of R.B.C. whereas the venous 
blood is dark-red in colour due to reduced haemoglobin. 

Consistence. Compared to distilled water blood is more viscous and this 
viscous consistence of blood usually goes by the name "Viscosity of blood". The more 
the viscosity of a fluid, the more is the resistance offered by it in its passage through a 
tube. Thus the viscosity of blood is a source of resistance to the flow of blood through 
the blood vessels. 

The viscosity of blood is due to die presence of cellular elements (R.B.C., W.B.C. 
and platelets) and plasma proteins. It is about 5 times more viscous than the 
distilled water as is determined by the viscosimeter which is a specially made tube 
through which blood and distilled w’ater are allowed to run separately and the time 
taken by each is noted and compared. 

Re-action. Blood is alkaline in re-action with a pH of 7-4 on an average. The 
pH of blood may vary between 7-3 and 7-45 normally but in no circumstances it 
goes either above 7*8 or below 6-8. 

Specific gravity. For clinical purposes, usually the venous blood is used for 
determination of the specific gravity. The specific gravity of the venous blood varies 
between 1,055 and 1,066 with an average of 1,056. 

The specific gravity of blood is of definite clinical value in ascertaining its density 
and in making the estimate about the amount of fluid that would be required by a 
patient suffering from dehydration due to loss of body fluid either by excessive purga- 
tion, vomiting, haemorrhage or by some other causes. It is usually determined by 
putting a drop.of blood into a fluid of known specific gravity. If the blood drop floats 
in the fluid it is oriower specific gravity' than the fluid, if it sinks, it is of higher 
specific gravity, but if it neither floats nor sinks then it js of same specific gravity with 
the fluid. Usually glycerin and water mixture is used for this purpose. A series of 
mixtures of known specific gravity in ascending order are kept as stock solutions and 
then the specific gravity of blood is determined as stated above. 


Osmosis and Osmotic pressure. If a liquid solution, e.g., a solution of CuSO« in water, or alcohol 
in water, is lept in contact with a similar solution in different concentration, it is found that even with- 
out any stirring the two liquids intermingle with one another tending to form a uniform solution. This 
tendency for equalisation of concentration persists even when the solutions are separated from one 
another by means of a suitable semipermeable membrane, which is impermeable to the solute but is 
| permeable to the pure solvent.^ In 

1 —O JJ this case the tendency assetrs itself 
-■ ■ . / V U by causing a preferential flow of the 

(. ’ _v\ I pure solvent from the side of lower 

•?.£$ I concentration to the side of higher 

' e \ ' '' I concentration. This process of pre- 

V?: gd 1 J J I ' f I ferential transmission of the solvent 

L_, V'VV- I 1 I across a semipermeable membrane is 

Jffi csj p-5 V’rijf'S Lr. " S 1 _-J I called osmosis. 



1 I If a porous pot impregnated by 

"J'Uf'rvJ 3 semipermeable membrane contains 

a sugar solution and is immerged in 
Fig. 76. Measuring O-P. water, the osmosis causes an accumula- 
with 'a manometer. * tion water inside the vessel causing 


Tig 75. Diagram to show the with a manometer. »>on ot water inside me vessel earning 
phenomenon of osmosis. S = strong sol.; W=wealc sol. 3 *** «» Icvel of its liquid. This 

osmotic flow can be prevented by 
applying an excess of pressure on the solution side of the membrane. This excess pressure required 
1 just to prevent osmotic flow is called the osmotic pressure. 
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Osmotic pressure of blood. Any fiuid having the same molecular concentra- 
tion with the blood is known as isotonic solution, when lower titan that or blood « w 
known as htpotomc solution, and when higher, it is known as hjpertome solution. When 
two solutions arc isotonic with each other they arc of equal osmotic pressure and there- 
fore the solutions arc physically compatible with each other. Both die red blood 
corpuscles and the plasma are of equal osmotic pressure (the corpuscular cell 
membrane acting as a semi-permeable membrane) and therefore the plasma forms 
a compatible fluid for the R.B.C. The osmotic pressure of blood equals to that of 
•D per cent sodium chloride solution and therefore the latter is isotonic with blood 
or in other words it is a isotonic solution. 


Coagulation of blood. When blood comes out from the blood vessels, cither 
from a cut or when it is withdrawn from a vein with a syringe, it soon loses its fluidity 
and forms a jelly-like solid mass known as the clot. The process by which the blood 
is coagulated is known as the coagulation of blood. After the blood lias been coagulated 
the dot retracts squec7ing out a clear yellowish supernatant fluid known as the scrum. 1 
When a sample of blood in a test tube is mixed with some anti-coagulant (cal. 
oxalate, sodi citrate etc.) the blood remains fluid indefinitely and when it is kept 
standing for sometime the cellular elements of the blood settle down leaving a dear 
fluid above known as the plasma (Intravascular plasma =Fluid blood — formed 
elements of blood ; Extravascular plasma =Fluid blood + Anticoagulant — formed 
elements of blood). 


Afechanism of coagulation of blood. The essential processes involved in the coagula- 
tion of blood are the (a) activation or prothrombin, (b) neutralisation of anti- 
thrombin and (c) the formation of a new substance, the thrombin. Once the 
thrombin is formed coagulation becomes almost certain. 

(A) The prothrombin is activated by — 

(a) 1 hromboplastins = Lipoproteins. 

(i) Tissue extracts. 

(ti) Platelets. 

(Hi) Plasma proteins. 

(b) Ionic calcium. 


(B) Neutralisation of Anthhrombin Heparin by thromboplastins. 

(C) A -J- B=Thrombin. 

(D) Thrombin 4- Fibrinogcn=Fibrm. 

(E) Fibrin -f corpuscles + platelets=clot. 

Coagulation time. It is the time taken by blood to form clot after it (blood) 
comes out of the vessels. The normal coagulation time varies from 3-0 minutes with 
an average of 5 minutes. A capillary tube is usually used for this purpose. Blood 
is collected from a puncture in the finger tip in the capillary tube and by breaking 
the tube frequently, the time taken to form the clot as solid thread-like structure 
within the tube is noted. Clinically the coagulation time is of value in assessing a 
rough estimate about the coagulating mechanism of the blood. 


/ 


Bleeding time. It is the time required for the stoppage of bleeding after 
puncture. After a finger puncture by a triangular cutting needle the blood is soaked ■ 
frequently by a filter paper till the oosing completely stops and the time taken iff 
Uie process noted. The normal bleeding time is 2\ minutes. Clinically it is of 
particular value in assessing a rough estimate about the condition of the vessel wait 


Haemolysis. When blood is mixed with distilled water the RJ3.Cs. swell up 
ana then they rupture letting out their haemoglobin, and the condition is known « 
haemolysis. Haemolysis aho occurs by toxins, other incompatible substances and 
when blood of different blood groups is mixed together. 


Groups. Various works on blood transfusion have revealed In- 
human blood contains certain suljstances on the basis of which the whole human 
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race can be divided into 4 main groups {International classification) with two 
supplementary blood groups as follows: 

Main Groups : Supplementary blood groups : 

Group A. 

Group B. Rh group. 

Group AB. M and N groups. 

Group O. 


It has been found out that the R.B.C. contains some substances of the nature of 
polysaccharides known as agglutinogen. The blood serum also contains certain 
A B substances of the nature of an 

antibody known as agglutinins. 
T “ " * “ It is on the presence of the aggluti- 

Jv.'-v V\ nogen of the R.B.C. that a parti - 

a A [ • _ tutor blood, group is determined. 

fa , \ Group A Of the main groups three types 

\ '*;" r cy ’ °f agglutinogens namely A, B 

' - and AB, arc present in the 

R.B.C. and accordingly the 
No agglutination Agglutination blood groups are A, B and AB 

types. In group O the R.B.Cs. 
A do not contain any aggluti- 

■ — — - nogen. The agglutinins of the 

y ! *^ r>>h \ serum are of two types, a and 

rffT'&'S. P agglutinins, a Agglutinin is 

1 Croup B incompatible with A aggluti- 
p) J nogen or it is anti-A, wrute /3 

V-ity> ' agglutinin is incompatible with 

B agglutinogen or Anti-B. It 

appears then that the AB group 
Agglutination No agglutination cannot have any agglutinin in 

A D the serum. Thus it is evident 

that group O which has no 
_ „ . _ , agglutinogen can give blood to 

/j-StV v / any one (universal donor), 

■7*yi*£v\ because its cells have no chance 

V- y Group AB to Face agglutinogen — agglutinin 

lyf . re-action. But its serum 

' - contains a and ^-agglutinins 

* which may react with the cells 

Agglutination Agglutination of the recipient but such 

chances are remote as the 
A agglutinins concerned undergo 

■ ■ ■ — high dilution in the recipient’s 

blood. 

' -V‘J; • ti - /" \ Tlie group O, though^ a 

L * ) Group O universal donor, cannot receive 
'ffX? 'J V-V »/»"'•/'' blood from any one except 

from its own group bacause its 

“ ‘ — agglutinins would react with 

No agglutination No agglutination the cells of the donor. Similarly 

the AB group having no 
Fig- 77. The aggiutinin agglutinogen re-actions agglutinin in the scrum can 

and the determination oi blood groups. , .» _ 

receive blood from any one 
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Tig. 77. The agglutinin— agglutinogen re-actions 
and the determination of blood groups. 


(universal recipient), but the donor’s blood may contain some of the agglutinins 
wliich may react with the cells of die recipient but serious damages are not likely 
f to occur, as such agglutinins are highly diluted by the recipient's blood. 
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Determination or the blood groups . Stock agglutinins a and fi which are 
available in the market are put on a slide separately with a mark a anti 0 above the 
respective agglutinin and a pencil mark is put between them.. Then a drop of cell 
suspension of the unknown blood whose group has to be determined is put side by side 
with the agglutinin drops and then mixed separately and the reactions noted both 
macroscopically and microscopically for agglutination or clumping of the cells. _ 
Depending on the presence or absence of the agglutinations the group can be deter- 
mined as shown in diagram No. 77. 

Rhesus (Rh) blood groups. Recent investigations liave led to the discovery ( 
of die existence of such blood groups of extreme clinical importance. As almost all 
the discoveries make way accidentally through investigations laid out for purposes 
other than the discovery, so the rhesus blood group came out accidentally while doing 
experiment on the reaction of the rabbit to the injection of R.B.C. from a rhesus 
monkey. It has been found out that if a rabbit is injected with R.B.C. from a 
rhesus monkey it develops an antibody in its blood and subsequently if the serum 
from such rabbit is added to the R.B.Cs. of the rhesus monkey they are found to 
agglutinate Later on it lias been found out that if such immune serum from the 
rabbit is added to human blood the R.B.Cs. of large number of people are also 
found to agglutinate. This led to the discovery that a large number of human blood 
contains a rhesus factor, that is, an agglutinogen akin to what the R.B.Cs. of the 
rhesus monkey has. Tltose who are found to have rhesus factor in their blood arc 
called rhesus positive (Rh -J-) and those without rhesus factor are called rhesus 
negative (Rh — ). 


M and N blood groups. In addition to the above, M and N factors form two 
supplementary blood groups of no clinical importance but they are of much value in 
ascertaining the disputed parentage. They are not antigenic to man, that is, they 
do not develop any agglutinin in the human blood and therefore clinically for purposes 
of transfusion they are of no importance; but they are antigenic to rabbits, tlut is, 
when R.B.C. containing M + N factors are injected to a rabbit, antibodies or 
agglutinins develop in the rabbit’s blood and the scnimfrom such immunised rabbits 
can be found to agglutinate R.B.Cs. containing M and N factors. A person may 
liave cither M factor, N factor or both, that is, AIN factors and they arc transmitted 
to the child through genes. 


Relations of the blood transfusion to blood groups. The ideal blood 
transfusion is that between the same groups. In transfusion the main principle of 
guidance to be considered is the relation between the donor's R.B.Cs. and recipient's 
^because almost all complications are found to occur in advene relations between 
the above two factors. Group AB has no agglutinin in their blood and therefore 
they can receive blood from any group, that is, AB, A, B and O and therefore groun 
AB is taken to be universal recipient. Similarly group O has no agglutinogen in their 
blood and therefore they can give blood to any one and hence this group is taken 
to be^ universal donor. But group O cannot receive blood from any group except 
lrom its own group because according to the principle laid down above we are to 
consider the donors R.B.Cs. and the recipient’s scrum. Here recipient "is the 
u "-hose serum contains a and 0 agglutinins which will agglutinate the 
R.B.Cs. from group A, B and AB. 

Rhor Ritsus Mood poop md (rau/iirinc. If Rh positive blood is transfused to Rh 
aI ! an,,b °'i> r (agglutinin) develops in the latter’s Mood and if the 
rise 1 to'.™ !ub! ' t IV' ml y positive blood, agglutination of R.B.Cs. occur giving 

'"a ?h, '''"'j'tiemo'yucreacttous. During pregnancy if the mother is Rh negative 
Schmavo,,.h^', P 5: m ?'’ tl ''. ra .' : ' lh ' T na Y dcvcI °P th ' antibody (agglutinin) 
.fbemlis^.™ • ° * he r ° ctus B lvm g rise to haemolytic disease known as Hydrop< 
’toetalis, Icterus gravis neonatorum in the foetus. 

iaundic^Tiv^nT 1 ^ 3 n '°“ lor “ m "here is eicessive loss of R.B.Cs. associated with 
J i and a large number of normoblasts and reticulocytes appears in the blood 
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due to intense normoblastic reaction of the marrow (Erythroblastosis foctalis). At the 
same time when the mother, who is harbouring anti-Rh antibody, receives a trans- 
fusion of Rli positive blood a severe condition of anaemia may develop in the mother. 
Therefore, before transfusion, even if we know the blood groups, in order to avoid 
RJi group incompatibilities it should be the principle to do the test of Direct Matching 
between the recipient’s serum and the donor’s R.B.Cs. or to test it for the Rh factor. 

Cellular elements of blood. The cellular elements of blood consist of 
coloured corpuscles, R.B.Cs. and colourless corptisclcs, W.B.Cs. and the platelets. 

Red blood corpuscles. These 
arc non-nuclcated circular discs, 
biconcave when seen in profile, hav- 
ing an average diameter of 7*2 Ip 
with a thickness of 2/x. They number 
about 5 millions per cu.mm, of blood 
in the adult male and about 4*5 
millions in the adult female. In the 
newborn they arc more numerous 
and number about 7-8 millions per 
cu.mm, of blood. During infancy 
their number is little more than that 
of the adult. 

The colouring matter of the 
R.B.C. is an iron containing pigment 
known as haemoglobin which is a re- 
spiratory pigment capable of carrying 
CO t and Oj. During inspiration the 
haemoglobin forms a compound with 
O, of the inspired air in the lung 
as oxyhaemoglobin and carry oxygen 
to all the tissues of the body. In the 
tissues after being dissociated with 
the 0 2 they combine with the CO. and liberate out the same in the lungs dur- 
ing expiration. 

The R.B.Cs. being non-nucleated cells are short-lived and are incapable of cell 
division and multiplication. The usual span of life of R.B.C. is about 3-4 months. 
Thus in order to keep up their requisite numbers constant new formation of R.B.Cs. 
in haemopoictic tissues go on pari passu with destruction, and thus their number is 
kept at a fairly constant level. 

Source of origin. The sources of origin of R.B.Cs. vary in life in embryo, and after 
birth, and the tissue from which they arise in both the cases is known as hacmopoietic 
tissue. The distribution of hacmopoietic tissues is more extensive in the embryo than 
in the adult where it is limited mostly to the red marrow. 

The hacmopoietic tissues or the blood depots in the embryo 

(1) Mesenchymal cells of the exlraembryonic mesoderm. The extraembryonic 
mesoderm lining the yolk-sac and the chorion forms the earliest sites of blood forma- 
tion. The “blood islands” formed by the mesenchymal cells on these places form 

• the basis of the blood cells formation. 

(2) Vascular endothelium. The endothelial lining of certain blood vessels such 
> as caudal aorta, vascular endothelium ofliver, spleen and the bone marrow may give 
i origin to the precursors of blood cells by proliferation during the early embryonic 
1 life, but later on, they fail to produce such cells as they are transformed into lustio- 
e cytic lining cells. 

(3) Liver. The mesenchyme between the liver cells and the vascular 
;f endothelium of liver gives rise to histiocytic and haematoblastic cells. The 

y 
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l'jg. 7B. Cellular elements of blood as seen 
in a blood film under the microscope. 
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former is converted into lining histiocytes or Kuffer cells while the latter form 
erythroblasts and myeloblasts, and when they arc ready for circulation, they pass 
through the thin wall of venous sinuses in tlie circulation. The hacmopoictic activity 
of liver is transitory atid commences from the ninth week of Intrauterine life; it 
begins to decline from the fifth month and soon ceases to continue any further. 

(4) Done marrow. Like the liver the bone marrow is also seen to show liacmo* 
poictic activities which commence as early as the end of the second month. 

(5) Spleen and Lymph nodes. The reticular cells of the white and the red pulp of 
the spleen and of lymph nodes may give rise to all varieties of blood cells. 

Hacmopoictic tissues of the adult. In adult the hacmopoictic tissue « 
mostly confined to red marrow of the vertebrae , ribs, slermm, cranial and pelvic bones. At 
puberty the red marrow may be found in all spongy bones including the ends of all 
long bones. 

With advancing age the field of haemopoictic tissues becomes limited and the 
red marrow is replaced by yellow marrow in the bones or the lower part of the 
vertebral column and in the spongy bones at the distal ends of long bones. But in 
the sternum the red marrow persists diroughout life and for this sternal puncture is the 
usual method for collecting sample of red marrow for clinical examinations. Under 
conditions of stress and strain the liver and the spleen may also take tip hacmopoictic 
activities. 


Structure of red marrow. The red marrow consists of a net-work of reticular 
tissue in the meshes of which there are numerous cells of different types, and blood 
vessels which ramify and anastomose each oilier. The following arc the different ■ 
types of cells found in the red marrow : 


(0 

( 2 ) 


Myelocytes or marrow cells. 
White blood corpuscles. 

(o) Neutrophilic leucocyte. 

(b) Eosinophilic leucocyte. 

(c) Basophilic leucocyte. 


(d) Monocytes. 
(?) / ’ 


. , Lymphocytes. 

Ited blood corpuclcs, 
ti’J Erythroblasts. 

(5) Giant cells. 

(fi) A few Fat cells. 

Structure of yellow marrow. 

It consists mostly of fat cells 
and a few blood forming cells. 

Stages in the develop- 
ment of R.B.C. It is most 
unhappy that the nomen- 
clature for the cells in gradual 
development Jias not been 
standardised even now and 
hence a great deal of incon- 
venience is experienced in 
using their nomenclature. In 
order to avoid confusion I 
have followed Sabin and 
nave used the nomenclature 

t,iven by him. According fig. 79. The crit» of rtd bone mamw. 

“» >I« R-B-Cs. pas, thro„ s h the 




MEGALOBLAST 

1 



LATE ERYTHROBLAST 

@ 

NORMOBLAST 


! 



RETICULOCYTE 


MtgaloblaU Large cell wilh a diameter varying from 

15-20/1 ; cytoplasm stains deep violet-blue 
having a crcscmic pale staining area; Nucleus 
is large and round; is devoid of Hmg. Mitotic 
figure may be found, • 


Earl) t Ery throb last The cell is comparatively smaller than the 

above ; cy toplasm same as above; Nuclei have 
disappeared, tile chromatin net-work shows 
signs of condensation at places. Mitotic figure 
present. No Hmg. 


Late Erylhroblast Same as abo\ c except that the cell is smaller 
and the chromatin network shows signs of 
more condensation. Hmg. begins to appear. 


Normoblast The cell is much smaller and varies from 

7-10/i in diameter, the nucleus is cart-wheel 
in appearance due to rearrangement of the 
chromatins. No sign of mitosis; Hmg. content 
is maximum. Cytoplasm shows eosinophilic 
reaction. 

JUtiadorylt The cytoplasm is reticular as shown by vital 

staining. No nucleus. 


ERYTHROCYTE G. Er) throcyle Non-nuclcatcd biconcave disc full of Hmg. 

having an average diameter of 7-2 1/». 

Tig. 60. Stages of 
development of R.B.C. 


The white blood corpuscles. Compared to R.B.Cs. these arc colourless 
cells and hence called “white blood corpuscles”. Depending on the staining re- 
action they can be divided into two main sub-groups, granulocytes and agranulocytes. 
The granulocytes contain numerous granules in their cytoplasm which show 
characteristic staining affinities and depending on this staining behavior they 
are further subdivided into eosinophil, basophil and neutrophil. The granules of the 
eosinophil cells show staining affinities for acid dyes (cabol fuchin) the basophil 
for basic dyes (Gentian Violet) whereas the neutrophil cells show staining affinities 
for neutral dyes (Leishmans stain). The agranulocytes do not contain any granule 
in their cytoplasm and they are further subdivided into lymphocytes and monocytes. 
Lymphocytes can be further divided into large and small lymphocytes. The following 
is a table showing the subdivisions of the white blood corpuscles or the leucocytes : 


^ HUMAN ANATOMY 

White blood corpuples or Leucocytes 

Granulocytes Agranulocytcs 

f'ojfw/j Ml I’avipliil Neutrophil 

Lymphocytes Monocytes 

Large lymphocytes Small lymphocytes 


Development of white blood corpuscles or Leucocytes. Granulocytes— 
The granulocytes develop extravascularly (outside the blood vessels) both in cmbiyo 
and in extrauterinc life (after birth) and after their cxtravascular origin they migrate 
into the blood vessels. In embryo they develop from the mesoderm whereas in 
exlrauterine life they develop from the red bone marrow. 
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The agranuloejtts develop usually from the lymphoid tissue of die body but they 
may also arise from the red Ixmc marrmv although to a very limited extent. 

Stages in the development of granulocytes. The parent cell for the granulocytes is 
the reticular cell of the bone marrow which lies outside the sinusoidal blood vessels 
-in IkTwccu the fat cells. 'Hie reticular cells multiply by mitotic cell division and 
form primititr white blood corpuscles which gradually develop into myeloblast, pre- 
myelocyte or myelocyte A, myelocyte proper or myelocyte 11, metamyelocyte or 
myelocyte C or leucocyte. The following arc the individual cJiaractcristics as they 
acquire in their Mngewisc development : 

4 The stem cell or the reticular cell. It is a large cell with irregular outline and 
branching processes. The cytoplasm is agranular which stains with basic dyes. 

.Myeloblast. It arises from the undifferentiated agranular stem cell of red bone 
irunow and resembles a lymphocyte in appearance in having a basophilic non- 
gramdar cytoplasm. 

Nucleus. The nucleus is usually laigc and the nuclear membrane is exceedingly 
thin, smooth and or even outline and there is no condensation of chromatin in its 
inner rone as is found in the lymphocytes. The chromatins are evenly distributed 
throughout the nucleus with some condensation around the nucleoli and do not form 
any clumping masses. The nucleoli are multiple and usually vary from 2-4 in 
number. 

The* cytoplasm is reticular, s|xmgs or foamy in chatactcr in contrast to homo- 
geneous cytoplasm of the lymphocytes. 

Biochemical character. The cell presents a proteolytic ferment and shows 
oxidase tind peroxidase reactions. 

Premyeloiyte or Myelocyte .1. The cytoplasm contains granules which arc baso- 
philic. Tlie nucleus is more basophilic and there is no nucleolus. Chromatins 
arc coaiscr. 

Myelocyte proper. Its cytoplasm contains more granules and is intermediate 
between premyclocytc and metamyelocyte in structure. 

Metamyelocyte or Myelocyte C or Leucocyte. Cytoplasm contains numerous 
granules. The nucleus is lobulated. 

Development of agranulocytes. Lymphocytes. The lymphocytes develop 
from tlie lymphatic tissues of the body. Tlie reticular cells at the gciminal centre 
of the lymph node proliferate and differentiate into a large cell, the lymphoblast 
which divides to form a large and a small cell. The laigc cell forms the large 
lymphocyte while the latter changes into small lymphocyte. A few lymphocytes 
may develop within the bone manow from the reticular cells in the same way and 
may gain access directly into the blood vessels. The lymphocytes originating from 
the lymph node gain access into the blood sxssels indirectly via thoracic duct. 

Monocytes. The monocytes have a separate line of origin from the lymph nodes 
and to some extent Horn the red bone marrow' and their stages of development ate 
stem cell, monoblast, monocyte. 

Macrophage system or the Histiocytes or Reticulo-endothelial system 

MelschmkofT used to call the blood leucocytes as “microphagcs” as they had 
the power to engulf foreign bodies, micro-organisms, cellular debris, etc. and in con- 
trast to microphages, he gave the name “macrophages” to some of tlie connective 
tissue cells, which he found to possess the same type or functions hut they were larger 
and at tlie same time their power of ingesting foreign bodies etc. were found to he 
more pronounced. 

Various other workers engaged in discovering macrophage system of cells con- 
firmed about their identity but named them differently in their own way of thinking 
Thus tlie macrophages of MclsclmikofT also go by the name “clasmatocytcs” 1 
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Ranvier, "adventitial cells” by Marchatul and "retting wandering cells” by 
Maxi mow. Subsequently it has been observed that there arc several cell types widely 
distributed in our body whose functions arc similar to die macrophages or die histio- 
cytes originally discovered, and all dicse cells go by the common name macrophages 
or the macrophage system of cells or the rcticulo-cndothclial system of cells. 

It lias been found out that when vital or supravital stains are injected intra- 
venously to a living animal the stains arc taken up selectively by the macrophage 
system of cells and on the basis of this observation their distribution in the body has 
been located. Although, all of them behave functionally almost in the same way, 
their physical characters vary considerably according to their location in the tissues. ■ 
The following cell types can he identified according to their distribution in the tissues 
or in othci words the macrophage system of cells consists of the following cell types; 

Macrophage system or the Reliculo-endothelial system 


I'ixed Histiocytes Wandering Hislioeyla 

(1) Resting wandering cells of common connective tissue and the serous 
membrane*, particularly the greater omentum. 

(2) Rctiudar cells of the lymphoid tissue, red pulp of the spleen and the 
myeloid tissue of the bone marrow. 

(3) The squamous cells lining the utwiii sinuses of the spleen, bone 
marrow and the lymph sinuses. 

(1) Phagocytic cells of the vascular endothelium of the sinusoidal blood 
s easels of the adrenal and the pituitary glands (Ant. lohe) 

(5) Phagocytic stellate cells of Von KupfTcr in the sinusoids of the In cr. 

(6) The microglia of the C N.S. 


1'ixrd Histiocytes when acquire |_ 

wandering activity Dlootl Ht>t‘ cl ^ ,f 


1'ixed Histiocytes gaining Monocytes 
access to the circulation of blood 

Functions of the Macrophages 

(1) Phagocytosis is the mam function of the macrophages. 

(2) Colloid substances arc stored by the macrophages for their ultimate 
distjosaL 

(3) They arc concerned in the metabolism of fats, lipoids, haemoglobin and 
iron. 

(4) They arc also concerned in the destruction of R.B.Cs., particularly ^ 
the spleen. 

(5) They produce bile pigments, particularly in the liver. 

(6) They are of great concern in live repair or tissues. 

(7) They are also known to produce enzymes and antibodies. 1 

THE MUSCULAR TISSUE 

. The most important sign of life is “movement” which sharply dist ingulf 
inimatrs from the inanimates. In living animals all protoplasmic bodies react M 
stimulation by showing movements and certain tissues such as leucocytes and 
ciliated epithelium possess inherent properties to move. In higher animal* t® 
muscular tissue is a specially designed component possessing wide range of mov*’ 
mc f l - movement occurs by alternate contraction and relaxation and w* 

contractility is the inherent property of all types of muscular tissues. 
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Characteristic features. The muscular tissue is characterised by the presence of 
muscle fibres which arc arranged in bundles or fasciculi and the muscle fibtes in 
each fasciculus run parallel to one 
another. An individual muscle fibre 
is surrounded by a delicate layer of 
loose areolar tissue known as the 
endomysutm. A group of muscle fibres 
is arranged into a bundle to form 
individual muscular fasciculus which is 
'surrounded by another densci layer 
of areolar membrane known as the 
perimysium. Ultimately the muscular 
fasciculi arc bound and ensheathed 
together by a common areolar 
membrane known as the tpimysitm 
to form the individual muscle ; 
the cpimysium becomes thickned to 
intervene between two groups of 
muscles to form the intermuscular 
septum. 

Development. All muscular 
tissues develop from the mesoderm 
except the arrcctor pilorutn of the 
skin and the ciliary muscles of the 
eye which are of ectodermal origin. 

Varieties of the muscular 
tissue. Structurally the muscular 
tissue can be divided into striated, non. striated or plain oi smooth, and cardiac muscles. 
Functionally, it can be divided into voluntary and involuntary muscles and develop- 
mental^, into somatic and visceral muscles. The striated muscles fall under volun- 
tary group whereas the cardiac and the non-striated muscles fall under involuntary 
> group. 

Histological structure of Striated or Somatic or voluntary muscle. 

,t Each somatic muscle fibre varies in length from 1 mm. to 130 mm. and in thickness, 

>' from 10 to lOOp. 

Each muscle fibre consists of an outer membranous envelope known as the 
sarcolemma contained within which is a mass of protoplasm known as the sarco- 
_ plasm. Within the sarcoplasm, situated just beneathahe sarcolemma, is the nucleus 
*' of die cell (nucleus at the periphery) which is oval in shape. The sarcoplasm 
also contains a number oT fine, delicate fibrils known as the myofibrils. The 
myofibrils run parallel to one another and may be arranged cither in bundles, 

, being separated from one another by some amount of sarcoplasm, or they are found 
v closely packed together within the muscle fibre. The myofibrils are alternatively 
called sarcostjles, and in longitudinal section each myofibril is seen to show alternate 
light and dark segments at regular intervals and these segments occupy the same 
line in all the myofibrils, so that, when viewed together, they present’ a striated 
appearance and hence a somatic muscle is alternatively called a striated muscle. 
Running actoss the centre of each dark segment is a fine light line known as Hensens' 
line. Similarly mining across the light segment is a dark line known as the Krauses 
, line or membrane. 

Each dark segment is anisotropic, that is, it is doubly refractile and appears 
*4 dark by transmitted light and is known as “A” disc. Each light segment is singlv 
~. y i refractile or isotropic and appears clear by transmitted light and is known as 
disc. "A” discs, that is, dark segments, stain deeply with hacmatoxylin while the “ 
f p discs remain uncolourcd by haematoxylin. During contraction of a muscle, as se 





Tig 82. The figure above is a transverse section of 
muscle showing muscular fasciculi. The figure be- 
low is a trams erse section of an individual fas- 
ciculus showing individual muscle fibre with it 
surrounding cndom^uim 
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under the electron mictoscope, the “A” discs shot ten while the “I” discs lengthen 
due to unfolding of mvosin hlamcnts of which it is composed of. The myosin fila- 
ments in “A” discs run in parallel with the length of the myofibril. 



1 ig til. A—*l rowing alternate white ami dark striatums. 
II — more magnified view— showing nuclei. 

C — stilt more magnified. 


Involuntary or Visceral muscle. Involuntary or visceral muscles arr‘ 
widely distributed in the body and they act independently without hasing any 
volitional contiol. They ate round in the walls of the hollow viscera, blood vessel', 
hollosv ducts of the exocrine glands, and in the sweat glands, within the fibrous 
capsule of the spleen and other lymph glands, in the Iris and ciliary body and in th f 
walls of the terminal bionchiole (bronchial muscle). The levator palprbrac 
superioris is a mixed muscle containing both somatic and visceral muscle fibres; tii c 
Muller s muscle is also made up of visceral muscle fibres. 


Mintile or Histological Structure . Histologicallv die visceral muscle consists of 
elongated fusiform cells with a centrally placed oval nucleus. The sarcoplasm 
contains myoiibrillae but they do not present trait** 
verse striatum and lienee alternatively called smooth 
muscle. There is no sarcolemma and the cell v«w 
bring formed by a delicate membrane of reticula* 
tissue. 

1 here is wide range of vaiiatium in the mode 
of arrangement of the visceral muscle fibics, thus W 
tire walk of the intestine they arc arranged in lAyers 
in the urinary bladder the fibres interlace with 
another, in the skin, they arc scattered either in- 
groups, or singly, anil in some places they arc jnrg ,1 *i 
larly arranged or they form an incomplete ring 1,1 
muscular tissue. Like somatic muscles they aie a*** 
invested by connective tissue layer which caul*® 
blood vessels, nerves and lymphatics. 






DIFFERENCE BETWEEN SOMATIC AND VISCERAL MUSCLES 



Somatic muscle 

Visceral muscle 

f 

Development 

[ Develops from somatic paraxial 1 Develops from splanchnic mesoderm. 

[ mesoderm. 

, Structure 

Fibres are transversely striated. Nucleus 
peripherally placed. Presence of 
sarcolcmma sheath. 

1 Fibres are non-straited. Nucleus cen- 
I irally placed. No sarcolemma 
j sheath. 

j Nerve supply 

Supplied by somatic nerves. 

| Supplied by autonomic nerves. 

• Tonicity and 
i contractility 

Tonicity and contractility of the muscle 
are dependent on its nerve supply. 
Contracts quickly but becomes less 
sustained. Fatigue comes earlier. 

The muscle can contact spontaneously 
without any nervous influence. Con- 
r tracts slowly and becomes more 
sustained. Not easily fatigued. 


j Minute Anatomy or Histological Structure. The cardiac muscle fibres consist of 
^ quadrangular forked cells with central nuclei ; the cells branch out freely to anasto- 
mose with their fellows, cell to cell and branch to branch. Thus a cellular syncytium 
is formed which makes the basis for the contraction wave 
to move from one part of the heart to the other. The 
sarcolcmma is too delicate to be demonstrated easily and 
intervening between the fibres is a very thin layer of loose 
connective tissue which is rich in blood supply. The 
- sarcoplasm is more granular and contains myofibrillae 
. towards the periphery of the cell whereas the nuclei arc 
laced centrally either in rows or in dose packing. Like 
imatic muscle the myofibrillae are transversely striated 
ut they look less prominent because they are embedded 
111 the granular sarcoplasm. In addition, the muscle fibres 
^ present longitudinal striations also. At certain intervals 
each of the muscle fibre is marked transversely by darkly 
staining band known as the intercalated disc. The inter- 
calated discs are not straight and transverse but they 
<*< consist of short transverse markings connected together in 
-■I steps. The presence of the intercalated discs is another 
;,finost prominent distinguishing feature for the cardiac 
muscle. 

fi The specialised tissues of the cardiac musculature. The sino-auricular node (S.A. 

node), the auriculo-vcntricular node (A.V. node), the bundle of His and its ramifi- 
v , cations into Purkinje fibres constitute the specialized tissues of the heart. Usually 
''j SJ\. node, and exceptionally the A.V. node is responsible for the origin of the 
'cardiac rhythm whereas the rest of the specialised muscular tissues are responsible 
•*, for the propagation of the contraction wave from the auricles to the ventricles. 

& The S.A. node. The S.A. node is situated on the inner wall of the right atrium 
f' to the left of the upper end of the crista terminalis and on the anterior aspect of the 
■y' opening of the superior vena cava, and extends downwards for about 2 c.m. ({'). 

, i It consists of a specialised neuromuscular tissue which is embryonic in type and 
jc* con tains amongst the plexiform network of muscle fibres the nerve cells (ganglion 
cells) and fibres, all of which are intermingled in a base of connective tissue element. 

_ ^ The tissue is rich in vascular supply and in its glycogen content. 

The A.V. node. Microscopically the A. V. node consists of almost the same 
structures that are found in the S.A. node. It is situated within the right atrium at 
if/ the lower part of the interatrial septum in between the opening of the inferior vena 
cava and the right atrioventricular orifice. 



Tig. 86. Structure of 
cardiac muscle. 
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Bundle of His. For course and distribution see Chapter on heart. 

Purkinie Fibres. The Purfcmjc fibres form the terminal arJwwiimg fibres of the 
bundle of His which consists of cells which are comparatively larger with large pale 
nuclei. Nerve cells and fibres arc also seen scattered amongst them. 


Dirrr.RrA'cr. bf. rvvncN cardiac and voluntary muscles 



Cantiar muscle 

Voluntary muscle 

t 

Nucleus 

Nuclei are centrally placed within the 
fibre 

Nuclei are placed peripherally under 
the sarcolenttna sheath. 

Transverse s trial i»m 

Tranw mr stnatiom are Ill-defined 

Transverse strialioiu are welMrfined. 

Fibrit 

Individual fibre hranrhrs and anaiio- The fibre* do not branch at all. 
mores with one another, “quadran* 1 

Btilar forked fibres". 

Sarcolcnitna 

Ill-defined 

Well-defined. 

Intercalated dues 

Thry form a rhararieristic feature of 
the cardiac muscle. 

1 

They are not found in the somatic « 
Voluntary muscles. 


THE NERVOUS TISSUE 


General introduction. The nervous tissue is a highly specialised tissue which 
is of ectodermal origin and differentiates from the medullary or the neural epithelium. 
This tissue, being a highly differentiated one, is incapable of further rc> or de-diffa* 
entiation and therefore, for its integration into the body, the nature has provided a 
sound architecture for its protection. The brain and the spinal cord, the latter hem? 
the direct tubular continuation or the former, which form the main bulk of the nervou! 
tissue, are contained in the rigid cranial cavity and the vertebral canal respectb'ch- 
Thus they are protected from all extraneous influences except through the linking 
peripheral nerves. Moreover, the tough duramatter, the arachnoid and the 
piamatter form three close envelopes from without inwards around the brain and the 
spinal cord. Having been thus secured in position they establish connection with the 
peripherally disposed structures through nerves. 

The behaviour of nervous tissue. The inherent quality of the nerve tissue 
receive stimuli from outside, to initiate impulse and to conduct the same to 
different effector organs in our body which react differently to give rise W 3 
response. 


Characteristic features. McuroscopicaUy the nervous tissue consists of Sfff 
and white matters. Microscopically the grey matter consists of nerve cells of varym? 
shape and size ; each nerve cell consists of a cell body with branching processes °> 
various patterns, of which, one is an axon and the others arc dendroas. Absence 9 
mrve e°7u *”* ° f XlssVs ° ranults 0nd «enrojibnU arc special fetim* 9 


f,."" *»M». J> hto already- been mentioned tlMI® 

5 are t j em cd th t c ectoderm except the microglia cells which are derived 

of SenervecdU^"* G,V<rn Wow in a tabu 'ar form arc the stages of developm enI 
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Medullary epithelium or the neural epithelium 


Primitive spongioblast 


M r 


Spongioblast 


Ependyma Spongioblast 


Medulioblast 

_ i _ 

Spongioblast Neuroblast 
Neuron 


Neuroolast 

Neuron 


Astroblast Oligodendroblast 

j ' | Oligodendrocyte 

Protoplasmic Tibrous 

Astrocyte Astrocyte 


A neuron or a nerve unit. A nerve cell consists of a cell body known as the 
i cyton, and short and long processes known as the dendron and the axon respectively. 
The nerve cell receives impulses through its dendron and transmits the same through its axon to 
other cells. The axon of one cell arborises round the dendrons or the cell body of 
another in which the former makes a contact with the latter and the connection 
between the two is known as a synapse. Thus the nerve impulse from one cell is 
propagated to the another through its synaptic connection and finally the impulse is 
carried to the effector organ or the higher nerve centre. It then appears that the 
15 nervous pathway is made up of a series of inter-linking nerve cells through which 
the nerve impulse is propagated. The component unit of a nervous pathway formed 
by a single nerve cell with its processes is called a neuron or a nerve unit. 


DIFFERENCES BETWEEN AN AXON AND A DENDRON 



Axons 

Dendrons ‘ 

Length 

Usually long but they may he short 

Usually short but they may be long 


as well. 

, as well. 

Thickness 

Uniform thickness. 

They taper as they branch. 

Nature of division 

They divide mostly at right angle 

I close to their termination. 

They divide at acute angle. 

1 

Number in each cell ! 

There is only one axon in a neuron 

1 They are usually multiple. 

Structure 

Structurally different from the cell. 

Structurally same as the cell. 

External appearance ( 

Smooth. 

1 Rough. 

Nature of conduction 

Conduct away from the cell body or ! 
the cyton. . | 

Conduct into the cell body or the 
cyton. 


Classification of neurons. Functionally neurons may be classified into 
motor neurons, sensory neurons and intercalated neurons. Structurally , depending on 
the nature of the axons, the neurons are classified into Golgi's type I and Golgi's type // 
neurons, while according to poles the neurons are subdivided into unipolar, dipolar 
and multipolar types. The different types of neurons are tabulated as below *. 


Functionally 
(a) Motor Neuron 
(A) Sensory neuron 
(c) Intercalated neuron 


motor 

motor 


Neuron 


Structurally 

(a) Golgi’s type I 
(A) Golgi’s type II 


According tp poles 

(a) Unipolar 
(A) Bipolar 
(r) Multipolar 


r 
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Motor or efferent neuron. These neurons carry motor or volitional impulses 
fioin the brain ancl the spinal cord to the peripheral effector organs such as muscles, 
secretin" glands, vessels etc. They consist of cells whose dendrons arc numerous, 

short and branching 



Tig. 87. Diagram showing upper 
and lower Motor neurons. 



Tig. 88. A Bela cell. 


whereas their axons are 
long, sometimes as long as 
two feet or more, and they 
do not usually branch 
except at their point of 
arborisation. 

Upper Motor Jfemt. 
The upper motor neuron 
is the first neuron in the 
motor pa tli way which has 
its synaptic termination 
at the lowct motor neur- 
on. Betz cells or pyrami- 
dal cells form the main 
bulk of the upper motor 
neurons, although some 
other cortical and sub- 
cortical cells (Extrapyra- 
midal tract fibres) may 
br included in it. 

Lower Mohr Neuron. 
The lower motor -neuron 
is the last neuron in the 
motor pathway the axon 
of which makes its con- 
nection with the effector 
organs (muscles, glandi, 
etc.) They consist « 
motor cells of the ventraj 
columns of the spinal 
cord and the nuclei of the 
brain stem. 


Upper and lower motor type of lesions. Injury or diseases affecting the motor path - 
xvay may involve either the upper or the lower motor neurons. Clinical signs and 
symptoms vary according to the seat oflesion involving either the tipper or the lower 
motor neurons and they are compared below in a tabular form : 


Upper motor neuron type of lesion Lowrr motor neuron type of la*'** 


Tone of muscles 
Wasting of muscles 
Trophic changes 


Superficial reflexes 
Electrical reactions 


| Paralysis with rigidity “clasp-knife” 

1 type- 

| Exaggerated (Hypertonic). 

I Slight wasting due to disuse. 

No change in the skin 


Exaggerated. Clonus may be 
present 

Diminished, modified or absent, 
t No change. 


j Paralysis with flarcidity. 

Diminished (Jlyjmlonic). 
Pronounced wasting. 

The skin may be cold, * 
bluish in colour. Trophic U>‘ 
may occur. 

Diminished or absent. 

No change. 

Reaction of degeneration pr«f nt 
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Sensory or afferent neuron. These neurons carry sensory impulses from the 
pcnphci y to thr centre, that is, the brain and the spinal cord. Whet eas in the motor 
neuron the axon is the longest process, in sensory neuron the axon is as short as the 
dendrons of the motor neuron and its dendrons are the longest processes. The 

cells of the sensory neurons are 
situated peripherally and they 
receive impulses from the peri- 
pheral areas through their long 
dendrons and transmit the same 
to the higher centre through 
their axons. The ceils of the 
posterior root ganglion of the 
spinal nerves are sensory 
neurons. 

Intercalated neuron. 

These aie small neurons which 
effect synaptic connection be- 
tween efferent and afferent 
neurons. Both the axons and 
dendrons of these cells are al- 
Tiff. 89. Reflex arc showing afferent, c/ferenc and most equal in size and it is 

intercalated neurons. difficult to distinguish axon 

from the dendron anatomically, though they can be easily recognised physiologically 
by different physiological methods. 

Golgi’s type I. The neurons in this group are characterised by long axis 
cylinder processes by means of which they establish connection with remotely placed 
organs or cells. The cell body of these neurons ate of considerable size and contains 
sufficient amount of cytoplasm. 



y 


Golgi’s type 13. The cells of this group are very small with short axons and 
arc present in the layer IV of the cerebral cortex. Due to their short axons they 
never extend beyond the cell layers of the cerebral cortex and they usually establish 
connection between the neurons of the adjacent layers. The intercalated neuron 
of the spinal cord also falls under Golgi's type II . 


Unipolar cells. These cells 
have only one pole from which both 
the axon and the dendrons arise, the 
pole splitting dicrotomously into axon 
and dendron. They are not usually 
found in the adult human body but 
they are abundantly present in early 
foetal life when the neuroblasts, the 
precussors of the nerve cells, at some 
stage of their development, become 
unipolar. The embryonic type of 
unipolar cells are found only in the 
sensory nucleus (mesencephalic nu- 
cleus) of the fifth cranial nerve in 
the adult human body. 



r»g. SO. A — Unipolar cell. 


Bipolar cells. The cells are ® Bipolar crib, 

fusiform in shape and have two poles > one giving origin to the axon and the other 
to the dendron. In the adult hu man body they are found in the cochlear and 
vestibular ganglion of the auditory ner ve. The cells of the posterior root ganglion 
are also of bipolar type but here because the two poles have converged together 
the cells resemble like the unipolar type with single pole bifurcating into two 


71 


HUMAN ANATOMY 


r 

processes, short and long, the short process bring the axon and the long process, 
the dendron. 


Multipolar cells. These 
cells have multiple poles with pro- 
cesses, of which, one is a axon and 
all others are dendrons. They 
arc widely distributed in the 
cortex of the cerebrum, cercbe* 
Hum and the spinal cord. 

Synapse. The synapse (GK. 
Syn = together ; aptein— clasp) or 
the relay between two neurons, 
is the junction in the pathway of a 
nervous impulse where two neu- . 
rons meet together and the 
impulse from one Hows out to the 
other just as the power or eleetri-' 
city moves between two wires 
(transmission by electrical po* 
tential) or it is conveyed to the 
other b) a chemical mediator (Adrenaline or acetyl choline) or a transformer. 

As the transneuronal junction is a overlapping link and not a structural conti- 
nuitv the nerve impulse fiom one in its passage to the other is faced with a handicap 
and so its speed is slowed down. Therefore the synaptic mechanism is a sort.of ( 
resistance in the pathway of the 
nervous impulse comparable 
to the resistance put in the 
electrical pathway (think of re- 
gulator of a fan). As a re- 
sistance in the electrical path- 
way is a device for variable 
responses so the nature has pro- 
vided synapses in the nervous 
pathway to have variable re- 
sponses from the effector organs. 

Roughly about -5 sigma (one 
sigma is equal to 1/1000 part of 
a second) or more is taken up 
by an impulse to cross a synapse. 

At a synapse the nerve im- 
pulse is conducted to one direc- 
tion only, that is, from the axon of one to the dendrons or the cell body of th 
other, or in other words it is a one-way traffic for the impulse at a synapse. Th> 
behaviour or selective transmission is referred to as the Law of Dynamic Polarity. 

Internal structure of a nerve cell. The most important characteristics « 
the internal structure of a nerve cell which make them to differ from other type.® 
cells arc the absence of centrosome and the presence of the Xissl bodies and the rteuroftw 
Besides these it contains all other elements that arc found in an ordinary cell, that*’ 
nucleus, mitochondria,' Golgi apparatus and pigments, and as such they do not descrv 
special mention. 7 




Fig. 92. A — Synapse formed Ix-lwrcn axon and dendnt r 
Terminal points of axon shotting synaptic knot* 
B — Synapsr between axon of one and dendnM 
and cell body of the other. 

C — Synaptic knob-. 



. t . Cen{ rosome. This is conspicuously absent in a fully developed nerve cell and thi 
”*V?* son W “Y a "fra cctl once injured is incapable of further regeneration b! 
cell division and usually succumbs to the effect of the injury. 

r u.3T^ rils ' . Th . C P rcsencc of neurofibrils forms another important feature 
m,t;ni?7i ar J-m » UrCS arc not ^ P rcscnt '"thin the cell Imdy but they also flov 
out into the different processes of the nerve cell. Ordinarily they are not vis# 


HISTOLOGY 


75 


under the microscope but when treated with silver salts they are made visible under 
the microscope. Nothing definite is known about these structures but it is believed 

that their presence within the nerve cell is in someway related to the cell activity. 



Nissl bodies . Named after the discoverer NissI bodies form small, angular, 
basic staining granules within the nerve cell and are found scattered throughout the 
cell except close to the origin of the axis cylinder process. They also flow out into 
the dendrons but not to the axons. The point of origin of the axon 
where the Nissl bodies are absent is called the axon hillock. The absence 
of the Nissl bodies from the axon forms a characteristic feature by which 
axon can be distinguished from the dendrons, particularly in case of 
intercalated neurons where axons are much smaller. Chemically the 
Nissl bodies are a compound of nucleoprotein with organic iron. 

Nerve ganglion. Any collection of nerve cells in the course of a 
nerve is known as the ganglion which acts as a cell-station in the 
nervous pathway. Those found along the sympathetic and parasympa- 
thetic nerves arc known as the sympathetic and parasympathetic ganglion 
respectively. 

The nerve or the nerve fibre. The nerves in the human body 
may be likened to the wirings in a machinary. Just as the power or the 
electricity from some generator dominates in the run of a machine 
through the wirings so the nerve impulse from the central nervous system 
(Generator of nerve impulses) controlls the body mechanics of the 
v ^ human body through the nerves. They are white glistening, thread* 

Fi'e 94 like structures which are widely distributed in the body and arc linked to 

\ somatic the central nervous system either directly or indirectly through cell- 
nenc. stations. 

Classification of nerves. Structurally nerves are divided into myelinated and 
myelinated nerves while functionally they are classified as under : 

Nerves 

1 


Motor or Efferent 


Sensory or Afferent 


Nerve of general 
sensibility 


Nerve of special 
senses 


Sympathetic 
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Motot nerves. The motor nerves in general carry motor or volitional impulses 
f,om the motor area of the brain and propagate it into muscle or muscles concerned 
so as to execute a particular type of movement. 

Sensory nerves . Tire sensory ncrvrt carry differ ent types of sensory impulses 
from the periphery and having passed through different cell-stations are finally 
distributed to the sensors’ area of the brain. Nerves or general sensibility cam' pain, 
heat, touch, cold, pressure, pain and deep sensations svher eas nerves of special senses 
convey to the br.un different kinds of special senses such as taste, smell, hearing and 
vision 


Autonomic nerves. The actions of these nerves arc not under the volitional 
control and as su< h they are automatic in action. They consist of sympathetic and 
parus\ mpathctic nerves. The functions of sympathetic and parasympathetic 
nerves aic peculiar in that both arc automatic in action but the action of one » 
diametrically opposite to the other, as for example, the sympathetic nerves for the 
hcai t cause it to contract hut the parasympathetic nerves cause it to relax. Of the 
autonomic nerves those which cause contraction is known as the effector or aecebitoty 
nrnes and those < au'-e relaxation are known as inhibitory nerves. Tire same nerve may 
he accelatorv m acuon in one viscera hut inhibitory’ for the other (Vagus nerve i> 
inhibitory lor the heart hut accelatory for the intestines). 


Structure of a myelinated or medullated nerve. Cross structure — A nerve 
is a bundle of nr rve fibres which is surrounded by an areolar tubular sheath known 
as the pemeunum. From the perineurium areolar processes pass within the nerve *> 
as to enclose individual nerve fibre and this tubular sheath which encloses individual 
nerve fibre is known as the endoneurinm. In large nerve trunks numerous nerve 
fasciculi are held together by a common areolar investment known as the tpineunum. 

Minute structure. An individual nerve fibre consists of a central thread-like 
process known as the axis cylinder process which is composed of a number of fibrillary 
structure known as the neurofibrils. Surrounding the axis cylinder is a tubular sheath 
of thicker consistency known as the myelin sheath ; surrounding the myelin sheath U 
another sheath of thinner consistency known as the neurilemma sheath. Thu* the 
nerve fibre may be likened to a wooden pencil, the axis cylinder being the lead, the 
myelin sheath, the wooden shaft, and the neurilemma sheath, the enamel coating™ 
the pencil. 

Myelin sheath. It is a highly refractile, whitish, double contour sheath which 
closely invests the axis cylinder process and is responsible to give the white colour tp 
a nerve. It does not form a continuous sheath but at places at regular intervals it 
is deficient where the neurilemma sheath dips in to form a close in vestment around die 
axis cylinder process. The point where the myelin sheath is deficient is called the 
node of Ranvier and the segment of the nerve in between two nodes of Ranvier is called 
an internode. 


A ctmlcmma Sheath or the Sheath of Schwann. It is an unbroken, nucleated, tub'd®, r 
sheath which lies superficial to the myelin sheath. It is of ectodermal origin and « 
derived from the neural crest. Ic consists of schwann cells which contain flattened, 
elongated nuclei and its cytoplasm is modified to he thinned out and elongated 
to form a membranous investment over the myelin sheath or the nerve. Usually 
one nucleus is found over each internode. I n case or injury to a nerve if the neuri- 
lemma sheath remains intact, regeneration or the nerve takes place with the help « 
tins sheath. Tims the presence of neurilemma sheath is essential far the regeneration 
ol a nerve. The optic nerve , and the nerves and nerve tracts within the central nervous syste* 
, no neunlemma sheath and consequently these structures, (optic nerve, and the nerv tf 
antl nrrvc ,racts within the brain and spinal cord) when injured, fail to regenerate* 

Amyelinate nerves or non-m.dolli.tod nerves. Thtsc nerves ore 
myelinated nerve, l.ccautc they have no myelin sheath. All nost-tranelionie fto? 
phcraT nal "' d ' S ,l " y arr also r<n "' 4 mtemunglrel with the-F"' 
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The neuron theory. It was in 
1 891 when Waldeycr first postulated 
the doctrine about a neuron which is 
still in vogue and usually goes by the 
name “neuron theory’”. In this theory 
Waldeycr described in a simpler way 
about the nature of a neuron in respect 
of its structure, function, origin, effects 
of injury and conductivity. The follow- 
ing are the observations on lire basis of 
which the neuron theory 1ms been 
established : 

1 . A neuron is the smallest unit of 
a nervous pathway and consists 
of a nerve cell with its processes. 

It is a complete anatomical unit 
which together with other neu- 
rons forms a neuron chain by 
contiguity (synapses) and not by 
continuity. 

2. Functionally it forms the 
smallest segment of the func- 
tional chain of a item on path- 
way (Functional unit). 

3. A neuron Is the last descendant 
of the embryonic item oblast 
(Genetic Unit). 

4. When the axon ufa netuon is divided the cell undo goes chi ornately sis. 



Effect of injury to a nerve. When an axon is severed, changes quickly follow 
i both the segments on cither side of the division. In adverse circumstances both 
:ic cell body together with the proximal stump attached to it as well as the distal 
:gmcnt succumb to the effect of the injury and regeneration does not occui. In 
ivourablc circumstances the cell survives and regenerative processes soon ensue 
ftcr a initial degenerative phase. Thus the effect of injury to a nerve may be 
.iscussed as under : 


(J) In adverse cirevmstajiees, 'J ')tc rrJJ dies and both its srgmttBls 
disappear. 

(2) In favourable circumstances. The cell survives the effects of initial 
trauma and after a brief period of degenerative changes regeneration soon 
begins. The initial degenerative changes that affect the proximal 
segment is known as " retrograde degeneration" whereas that affects the 
distal segment is called " IVaUerian Degeneration 

Degenerative changes. Jtitiograde degeneration. Soon aftei the injury dege- 
nerative changes affect both the cell body as well as the axon still attached to the cell 
jody. The cell body shows signs of disintegration of the Nissl bodies {chromato- 
ysi\) which at first become unstainable and ultimately disappear. There is shrinkage 
>f the nucleus which is displaced towards the cell margin. The axon still connected 
vith the cell body also shows signs of degeneration which, in favourable cases, extend 
.awards the cell body from the point of division up to the first node of Ranvierand 
hen, regeneration follows quickly. [ In adverse cases when the cell body succumbs • 
:o die effects of the injury during the stage of chromatolysis as a result of violent 
•eaction the whole of the proximal segment of the axon also undergoes Wallerian 
iegeneration and quickly disappears and consequently regeneration cannot occur in 
these eases j. ; t ,. 
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IValtenan degeneration. The degenerative changes that affect the distal segment 
is usually icfcrrcd to as Wallerian degeneration because it was Waller, a physiologist, 
who first described the changes during the last century. 



Fig % A— showing myelin droplets as 
ilegniorahon jirorcctli It— cell undergo- 
ing ilironulolvu* mirlcus has become 
reremrie 


In Wallerian degeneration the neuro- 
fibrils of the divided axon at first become 
tortuous or wavy ami then they break into 
numerous segments. Subsequently the , 
myelin sheath swells up and is transformed 
into a chain of lipoid droplets. Finally^ 
within two or three weeks following the 
injury the debris resulting out of the 
degenerative processes arc removed by 
the phagocytes and nothing remains ex- 
cept the ncurilcmmal sheath which abo 
shrinks considerably and is transformed 
into a protoplasmic cord. 

Regenerative changes.- In fa\ cur- 
able circumstances regenerative proeessw 
begin as nearly as the fourth day follow- 
ing the injury, although, effective repara- 
tive changes appear after 30 days and » 
completed in eighty days’ time. 


At fn st the Missis granules and the Golgi apparatus reappear, the nucleus assumes 
its initial position and the cell acquires its norma! shape and size. Subsequently * 
sprouting neurofibrils horn the proximal stump extend irregularly towards the distal , 
stump tluough the scar tissue and finally some of them establish connection with the 
empty ncurilcmmal sheath of the distal segment. Then they grow through the I 
sheath until they reach their final destination where they establish connection wit I 
the previous sensory or motor nerve endings which still persist (The frame-work o 
the sensciy or motor nerve endings persists for many months following injury to thi 
axon). Soon after the sprouting neurofibrils have established connection with thi 
empty neurilemmal sheath the myelin sheath reappear. Sometimes the new n«w 
may tetminate in a new situation in a new ending. 

Blood supply of nerves. Nerve trunks in the limbs arc supplied by !>looc 
vessels derived from the local arteries. The median, sciatic and optic nerves art 
supplied by arteria mediana, arteria nervi-ischiadi and the central artery to tlw 
retina respectively. The former two arteries are representative of the axial artrr) 
ol the respective limbs. 


Sensory end-organs. The. sensory end-organs arc specialised formations 
Inc sensory- nerve terminals which arc of specific design to receive particular type 
stimulation such as touch, pressure, pinprick, warmth etc. According to the nature 
of sensation they carry, the sensory end-organs may be classified into (f) cnd-organ» 
oi general sensibility and (ii) end-organs of special senses. The end-organs of general 
sensibility may be further sub-divided into exleroceptors, proprioceptors and viscerocep!^ 
the proprioceptors and visceroceptors are sometimes collectively called irtUTO(tp !o,5f 
tarn ubres are associated with ail types of receptors of general sensibility. T hf 
when a particular area of the skin is gently pressed no pain is perceived except 
sensation of pressure, but if the pressure is gradually increased there comes a stage 
r V ,^!!.P am 1 .!, ex P^ ,en ” d (P rc «“ r c pains) . This is due to association of the pres*}" 
llirly olh " lypts of scn!ory r ' ccp, ° r! “ rc 


lmiSt t «M C f pt ? rS * 1 cxtcroce P tors ar e mostly found in the skin and a* 
, ™v la ’ cc b > «temal influences. They consist of end-organs for pain, heat, cojA 
sensatlor } s - Receptors of different special senses abo fall 
SS53STSS f ° r COnVCn,ence the y havc bccn grouped together under "recepW* 
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End-organs for pain. These end-organs are formed by naked axons which 
iplit up into numerous branches in the form of a bush. Some of the filaments from the 
rushes may even penetrate into the epithelial cells. They are also widely distributed 
n the muscles, tendons, vessels etc. and are concerned with pain sensation. There 
ire two types of pain, “first pain” and “second pain”. The "first pain” is sharp 
Hid stinging, and its conduction is very rapid. The “second pain” is dull aching 
pain which is slowly conducted. 

End-organs for touch. There are three types of end-organs for touch sensa- 
tion namely (1) Merkel’s disc, (2) Meissner’s corpuscle and (3) the spiral fibres 
iround the hair follicle. 

(1) Merkel's disc. This is a specialised form of end-organ in which a single fibre 
splits up into numerous branches which are woven around a single cell so as to form 
a cusp-like disc. They are usually present in the highly sensitive areas such as lips, 
ringers and genitalia and are concerned with light touch. 
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(2) Astrocyte. This type of neuroglial cell is found scattered throughout the 
cent) at nervous system, both in the grey and white matters. They are of two types, 
protoplasmic astrocyte and fibrous astrocyte. 

(a) The protoplasmic astrocyte is a peculiar cell with numerous branching pro- 
toplasmic processes. The cytoplasm is granular and shows the presence of num- 
erous irregular processes. The protoplasmic astrocyte is usually found m associa- 
tion with grey matter. 


1 18 100. Fibrous Astrocyte. 


Fig. J01. Oligotlendrog! a. 


(b; Fibrous astrocyte. They arc found mostly in the white matter of the emtri 
nervous system and their cytoplasm shows the presence of numerous fihrilbe. 

These cells are seemed to have definite relation with the blood vessels anti an 
found to spread their processes in the form of a "T” around the fibrous sheath oftV 
blood vessels. The nucleus is large and stains lightly with crcsyl violet. ' 

(3) Ependyma. These cells resemble epithelial cells and form a group by them- 
selves which fall under the group mesenchymal epithelium. They line th 
ventricles of the brain and the central canal of the spinal cord. 

1,4) Oligodendrogha. These cells are present both in the grey and white mallei 
but more so in the latter. Within the grey mattei they arc closely associated td* 
the neuron. Their nuclei arc spherical and arc darkly staining. 




EMBRYOLOGY 

GENERAL INTRODUCTION 

Embryo log v. Embryology is the science which deals with the formation and 
development of the embryo from the stage of fertilisation of the ovum to the birth of 
the fully formed feetus. The embryological studies are confined to the life in 
"utcro** which in man, covers a period of 10 lunar months or nine calendar months, 
and the series of changes that mould the fertilised ovum into a fully formed foetus 
are compiled together under the subject of embryology. 

Embryology can be studied from various angles to cover the details of the various 
embryological facts. When the study includes description of the embryological facts 
by direct observation we call it a descriptive embryology. The present day embryologi- 
cal studies are no more confined to descriptive embryology only but they include 
various experiments and chemical and biochemical analysis of different cells and 
tissues of the developing embryo. 

The study of embryology' by various experiments in the developing embryo is 
known as experimental or casual embryology. In experimental embryology some part 
of the developing embryo is either removed, destroyed or transplanted to a new site, 
and the changes suffered by the embryo by such experiments arc noted. By such 
experiments various mechanical, functional and organising influences of many a 
structures in the growth of the whole embryo or its parts are revealed. As for example, 
during the late blastula or early grastula stage if the chorda-mesodermal cells (cells 
which form notochord and the somites) are destroyed it is seen that the overlying 
neural epithelium fails to develop. Thus it becomes evident that the local chorda- 
mesodermal cells exert some organising influences (cellular organiser) in the develop- 
ment of the neural epithelium. 

Moreover, it is seen that when the chorda-mesodermal cells (Tail or Trunk 
organiser) are transplanted to another host embryo of the same age at the presump- 
tive head level they induce formation of the head and trunk structures at the head 
level of the host embryo, and when transplanted to the trunk level they induce forma- 
tion of the trunk and tail tissues only. 

With the improved knowledge in biochemistry the field of study in embryology 
has greatly widened and atfempts are being made to determine the specific chemical 
factors which are of great concern in various phases of growth processes. The study 
of embryology, which deals with the biochemical or chemical analysis of the cells and 
tissues of the developing embryo, is known as biochemical or chemical embryology. The 
chemical embryology may further be subdivided into cytochemistry and histochemistry 
depending on the nature of investigations done on either the cells or tissues. 

Importance of embryology. Apart from its scientific interest the knowledge 
|)f embryology is essential for the understanding of the developmental anomalies wliich 
are so often seen in our professional life. Moreover, some of the anatomical facts in 
gross anatomy are difficult to be explained without their reference to embryology. 
New growths (tumours) are occasionally found to be formed from embryological 
remnants of some structures which normally retrogress during the process of develop- 
ment; unless one keeps in mind about the embryological facts of such structures it is 
difficult to understand about the origin of such new-growths. In some operative 
procedures the knowledge of embryology is utilised for a better approach which 
minimises the hazards of operation. Moreover, the study of structures in gross 
anatomy seems to be incomplete without any knowledge of their developmental 
background. 

Some terms in embryology. It is of great interest to know as to how from a 
series of changes the single-celled fertilised ovum is converted into a multi-cellular 
complex organism, the feetus, and that how the latter develops into an adult form. 
The series of changes that mould the fertilised ovum into the adult form are 
known as ontogeny. 
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The stiidv of anatomy and embryology of different animals and other spedo 
reveals and explains manv facts in human anatomy. A comparative study o. 
human anatomy with that of animals is very; much useful, particulatly m 
enibn ology, and such a study is known as comparative anatomy. 

Whenever eacli of the segments or a multiscgmcntcd fonn is seen to contain 
identical structures with similar arrangements, the segments arc said to be small) 
homologous. Structures dev eloping from similar cell-groups in the embryo in different 
animals arc said to be homologous (similar in origin), although such structures in their 
adult form may h< quite dissimilar, both in form and in function. The wings of a 
bud, the forelimbs of a quadruped and the upper limbs of man arc homologous 
structure;, having the same ontogeruc history. 'Hie term 'analogous' is reverse to 
‘homologous’ and denotes "similar in function but dissimilar in form and origin . 
Thus the lungs of man and gills of fishes arc analogous structures, although they 
differ in their inode of origin and in their form. Another term often used in anatomy 
is “morphology' winch may be defined as the science of the development of the forms 
of living organism*. 

Evolution. The term “evolution” {c«=out; volvere*=to roll) means roll’ine 
out or changing It is believed that the Earth we live in came into existence about 
2000 million yeats ago. At first it was a red-hot mass which, it is believed, was a 
tom-out fragment of a similar larger heavenly body. The red-hot mass then 
gradually cooled down and acquired physical modifications in which a gaseous 
atmosphcic came into existence and there were some collections of water. Ulti- 
mately a fin a period of about 1000 million years it cooled down considerably I* 5 
become suitable for the existence of life. At first, plants and vegetations began 
appear on the Earth’s surface which were the sources of food for the animal life ^jhicn 
appeared later. Thus the earlier Earth — a red-hot mass — which was unsuitable w r 
the existence of any life, vegetable or animal, changed physically to become suitable 
for the existence of life. Astronomers believe that the solar system has also been 
changing since the first existence of the Earth. Thus.with the change in physic 31 
environment of the Earth the plants and animals that exist on it are also changing 
gradually to adapt themselves to the new environment. This gradual adaptation tots 
changing cniironment with accompanying changes in form ar.d function is called organic eroluhcn. 

Evolution of Man. Evolution of Man is a scientific curiosity which has led*® 
numerous valuable researches but the matter still remains to be finally settled. W 
earliest living organism that came into existence during the earlier part or Eatdn 
existence had lo mould itsclT in the face of the realities of its unfavourable cnvneB- 
ment for the sake of survival. With continued progeny and for the survival of i c 
species, the generation next in order inherited physical modifications to suit the 
environment, and thus, as the ages rolled by, the species progressed and acqu |r f 
physical modifications which differ from its ancestor — the evolution of Man can " 
traced back to its ancestor fish. The diagram on the next page depicts the “ph)* 0 
genetic tree representing the animal kingdom including man. 

The evolutionary history about the origin of a species is known as phylogery. 

THE GERM-CELLS OR THF. GAMETES 


11 ^ mature sex cells in either sex arc known as the gametes or the mature 3°®? 

cells which are responsible for the continuance of the future progeny. The fen*** 
gamete is the mature ovum and the male gamete is the mature spermatozoon, ** 
of these is a cell which is incapable of further multiplication by itself, but af [cr ‘ 
mating, when the male gamete nets the opportunity or fusing with the female gs*** 
.hich admires a tremendous rawer of nui'UP* 


*7 “ « is mcapaoic ot 

mating, when the male gamete gets the opportunity oi fusing with Uie Jcmaic «•;** -, 
a new cell « formed hy their fusion which acquires a tremendous power of mult'P 
“pmnuclem” tlC nuc,cus of lhe gametes of either sex is qualified with the t«* 

d ' riv ' d <"«n the head and the middle piece or die 
° r h ' S'nn-eell hnea with the fimale premckm of d>e }“J 
ovum and thu process 15 termed "JnMhalmn of Ik ,mm." The product orferttirf 




Before going into the details of the processes by which the single-celled zygote 
is transformed into a fully formed foetus, it would be worth mentioning about the 
history of the germ-cells, the formation of the ovum or “oogenesis” and the formation 
if the spermatozoon or “spermatogenesis”. 

History of the Germ-cells. The single-celled zygote after fertilisation of the 
svuin, by the process of cell division, gives rise to innumerable cells which fall under 
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two main groups, the somatic cells and the germ-cells. The somatic < ells arc by far the 
most numerous from which almost all the tissues of the future human body arc 
developed, whereas the germ-cells which form the negligible minority, are integrated 
in the formation of the sex glands, that is, the testes in the male and the ovaries in 
the female, and are responsible for sex determination and future progeny. 

The germ-cells, m either sex, which arc at first immature ones, undergo a 
series of changes towards their matuintion and when matured, they are called 
gam'la. The 'male gamete is known as the spermatozoon while the female gamete is 
known as the mature mum. Usually three stages namely, stage of multiplication, stay 
of growth and the stage of maturity, arc encountered in the life cycle of the germ-cdk 
During the stage of multiplication the primordial germ-cells multiply by mitotic cell 
division and form innumerable cells which arc lodged in the sex glands, and are 
known as spermatogonia in the male and the oogonia in the female. During the stay 
of grou th fuuhcr multiplication by mitotic cell division ceases and the spermatogonia 
in ihe male and oogonia in the female grow up to form the spermatoceles and 
oocytes rcspei tiselv. During thcatage of maturation the spermatocytes and oocytrs' 
again divide hut tins division which is known as the maturation division, occurs twice 
only, that is, each cell divides twice resulting in 4 cells (two in the first division and 
two in the second division). Thus each spermatocyte results in the formation of 4 
cdls which are known as spermatids. The spermatids later on, by a process of 
metamoiphosis, change into spermatozoa. Thus the male germ-cell passes through 
die following stages towards its maturity such as spermatogonia, primary spermoliu 
secondary spermatocyte, spermatid and spermatozoon . The similar stages in the female 
germ-cell are the oogonia, primary oocyte, secondary oocyte and the ovum. 

Of the two maturation divisions, the first is heterolypical or reduction division (meiotic 
division) in which the chromosomes do not split but half the number of total chromo- 
somes passes to one of the resulting daughter cells and the remaining half to the other; 
thus the resulting daughter cell is having only half the number of chromosomes ofiu 
mother cell and such a division is called heterolypical or reduction division or neietk 
division. The second maturation division is homotypical, that is,hcre each chromosome 
splits into two and each of the daughter cells is endow ed with the same number of 
chromosomes with its mother cell. 

THE MATURE OVUM 

The mature ovum is roughly a spherical cell and mcasines about 100 to 203 
microns in diameter. Like an ordinary cell the ovum consists of a cell body, a cell r 

membrane, protoplasm, 
and nucleolus but w hen critiea-iV 
compared with on ordinary c*u j 
it di tiers from the latter in grf 3 ' . 
detail (sec table on page 90). '• 

It has become customary W 
call the nucleus of the ovum a 1 
the germinal vesicle and the no* 
cleolus, the germinal spot, probaWj 


Fig. 103. A mature ovum, 
to ordinary cell cytoplasm and can be split ii 
large amount of fatty material in droplets 


uuc io ine important !«>■- -- » 
play in the process of reprou uf l 
tion. Similarly, the protoplasm 
the ovum goes by the name t 
yolk or the vitellus because it p 1 ^ 
vides nutrition during 
embryonic development. _*t 
also alternatively called 
The yolk or the cytoplasm ot 
ovum consists of substances si® 1 
ito two parts, formalize yolf, a nd r 
called deutoplasm. It is this s {orc 
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f.Mly mnlnial in the ovum which is utilised during eailicr part or embryonic 
development when other sources of nutrition arc not available. The ceil mem- 
brane of the ovum is railed the eiltlline membrane or oolemma. Because the vitelline 
membrane looks as a colourless zone around the yolk it is also alternatively called 
,£<>«<! ptUueida. It also rocs by the name zona striata because under high power 
microscope it gives a striated appearance. The space between the vitellus (main 
body of oocyte) and the vitelline membrane is called the perivitelline space. The 
polar bodies after being extruded out from the oocyte arc temporarily lodged 
into this space. When the ovum is discharged from the Graafian follicle, some of 
the follicular cells still rojitinur to stick to the wall of zona peUuckla and arc found to 
form radially arranged columns or cells around it, and these radially arranged cells 
around the ovum are railed corona radtala. 

OOGENESIS 


MWNCtOWIHOf IrtTHtllUH 


The general conception almut ova is that, they have a short life in the ovary, and 
that thr ova that develop during frrtal life, all degenerate after birth and the defini- 
tive ova arc formed from the “germinal epithelium” of the ovary. The cells from 
this epithelium proliferate to form “oogonia” which replace the degenerated ova. 

Although the above phenomenon is the 
usual sequence of events in some animals, 
it is still doubtful whether the same pro- 
cess is repeated in man. In human sub- 
jects it has been found that the superficial 
surface of the ovary in the young female 
children presents numerous small follicles 
and it is still a matter of controversy whe- 
ther any new ova arc formed after birth. 

In some animals the germinal epith- 
elium on the surface of the ovary pro- 
liferates to form downgrowtlis of cells 
called the PJlugn's lubes or "egg lubes ” 
which consist of single or several layers 
of cells. These tubes penetrate through 
the superficial fibrous tissue (stroma) of 
the ovary and subsequently are detached 
from the germinal epithelium to form 
different ceil groups in the cortex which, 
later on, develop Into ovarian follicles. in 
human beings, groups of cells arise in situ 
within the cortex which, at a later stage, 
arc joined by the epithelial down-growths 
(“egg tubes”) from the germinal epith- 
elium on the surface of the ovary. One 
of the cells in each cell-group becomes 
i enlarged to form the primary oocyte while the remaining cells are flattened to form 
5 a single layer of cells known as the follicular layer or the stratum granulosum which 
(forms the wall of the ovarian follicle. The oocyte together with the stratum gran- 
/ulosum constitutes the primary ovarianfolltcle. 

» Subsequently the oocyte goes on growing. It enlarges in size and at the 
.^same time shows marked changes both in its internal structure and in its external 
.‘environments. 

! Changes in the external structures. Externally the cells of the stratum granulosum, 
which form initially a single layer of flattened cells, become cubical in shape and 
Vnultiply rapidly by mitotic cell division to form several layers of cells. Later on, 

' these cells secrete a fluid called “liquor foHiculi’* which makes its room by splitting 
< ( thc cells of the stratum granulosum into two layers, inner and outer. The outer 
i (layer of cells is still called the stratum granulosum while the inner layer of cells, being 
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pushed to one side, is spread over the oocyte so as to form a heaped-up mass of cells 
within which the oocyte lies. This heaped-up mass of cells containing the oficyleis 
called the “ cumulus oiariats'’. Thus the primary' ovarian follicle, which was a Solid 
mass of cells, becomes the irsicular otarian follicle, as it contains a cavity filled with 
liquor follicuh and into which the oocyte together with the “cumulus ovarian" 
protrudes. 



I'g 1*15 A vesicular o\arian follicle 


Tig. 106. An oocyte just before hrst 
maturation division. 

Note that the nuclei and the nuclear 
membrane have disappeared. 


Internal changes. Goncun ently with the above changes in the external form of the 
oocyte, clianges also occur in its internal structure. The cytoplasm surrounding 
the oocyte condenses to form a meo- 


1 1 1 ' K / / r , h ' 1 o 






achromatic 

A , n P 6c r‘c in the process of first 
maturation divoion (hetero typical nulosh). 
Note tj, c formation of the achromatic 
spindle and the re-arraugemcnt of the 
chromosomes in pairs. 


branous envelope around the . oocpf 
known as the oolemma which later w 
forms the zona pellucida. Both the cyw- 
plasm and the nucleus increase V 
volume and the cell body which "S 
circular in general outline becomes ova* 
in shape. The centrosome, which V®* 
visible earlier, disappears during orjurt 
before maturation. At maturation the 
oocyte increases much in size af“ 
measures about 100/t to 200f« in di 
meter in its long axis. 

With the completion of the stage 
growth the oocyte enters into the JW? 
of maturity in which it divides twice" 
first by hflerotjpical mitosis .and then bt 
homotypical mitosis — to form three cell* * 
which two arc smaller cells known a* 
polar bodies and one is a large cell cal*® 
the mature ovum. . 

During the first maturation divis® 9 
both the nuclei and the nuclear mr<£ 
brane disappear and an achrowat" 
spindle Is formed at one pole of the top 
1 he chromosomes re-arrange themsclvtt !fl 
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n.iir«, of whirli b.ilf the number p.mcs «*, one pole or flic spindle and the remaining 
naif In the oilier pole. Him the spindle rotates in its transverse axis so that, one of 
tls poles carrying half the numlrrr of total chromosomes, forms a local projection 
from the cell wall and is known as the first polar projection. loiter on a constriction 




t ijj. ire. An «*Sr>|r in die tUKr t>f furm.itK'q 
of lint polar pwjrc non 

Ni.ie lhat half the mimt<r of total ciirrmi'Wom^x 
haw to each pole of die ipimil' ami tliw 

taller im rotated in it» Inmivmc aai* to forn) 
the first polar projection. 

appears around the projection which cuts ofT a portion of the cytoplasm toge- 
ther with half the number of chromosomes contained within the polar body. 
Thus the primary oOcyte or the oocyte No. 1 is divided into a large cell, the 
secondary 009 te or the o6eyte No. II and a small cell, the first polar body by the process 
of heterotypical mitosis or nieiosis or reduction division. 

The secondary o6cyte or the oocyte 
No. II now becomes ready for second 
maturation division by (he process of 
homoljptcal mitosis. The achromatic 
spindle is reformed within it and one of its 
pole forms the same type of projection of 
the cell wall known as th c second polar projec- 
tion. The chromosomes re-arrangc the- 
mselves again in pairs and each is then 
split up longitudinally into two and thus 
the number of chromosomes becomes 
doubled up. Half the number of the 
chromosomes then move to one pole of die 
spindle and the remaining half to the 
opposite pole. Then in the same manner 
asm the formation of the first polar body 
the second polar body is separated. Thus 
the secondary' oOcytc or the oocyte No. II 
is divided into a small cell, the second polar 
body and a large cell, the mature ovum. 

Subsequently in the matured ovum a 
, , , nuclear membrane reappears around the 

chromatins (hair of that contained m od C yt c No. I); then the nuclear retinaculum ^ 
and the nucleoli reappear and the chromatins rearrange themselves again to ’ 
dispersed amongst the linin-rclinacuhim (nuclear rctinacuhim). Thus the . 



11". 110. A fiirllicr stage of figure 1011. 
Nate that equal number of chromosome* 
base rooted u> p«h pole of the spindle and 
the second polar projection has appeared. 
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is completed, The nut me ovum Ims all the complement of a typical cell except 
that it has no cetmoxmie and that it contains only half the number of chromosomes 
of a somatic cell. 


Difference between the ordinary somatic cell and the ovum 


Qvuiu Somatic cell 

The rrll body n comparatively much 
smaller. llic cell membrane is 
mnrr delicate and li.it »n> radial 
* tri.il font. No special outer cover- 
ing is present. 


Nuclein ti is larp«, vesicular and reernlnc in It it smaller and central in positim. 

position i 

CintroMioi' 

Power i>( trpit fl.n linn 


t lironiwniM 


Mature ovum h, it no rentrosome. I Onlrmome is altvavs prearnl. 

I'hr ovum has tu> power of reproduc Somatic cell* are usually rrprt*!«- 
tion tircdute ii liatnntentrosonir 1 (ivr betaine of rhr presence « 
. cemrosomr. 

Matured ovum (alter reduction divi- ’ Contains 21 pairs of tliromowUin- 
»mn) remains half the number of 1 Tliry are not transmitted to 'be 
chromosomes of a somatic crll. They j offerings 
are traiumilted to the offsprings. | 


Cell l» m is the lell lmd> it much larger and 

niessumaimul 100 to 200 microns in j 
diameter rhr outer rrll envelope, j 
ihr rona pefhuida, is more resistant I 
i nd present* radial stria lions sslirn \ 
loosed through high power micro- j 
scope Corona radiaia forms a I 
special outer rovering of the dis- j 


Difference between the Oocyte and the Spermatocyte 


Oocyte * Spermatocyte 


.Structure C n' f ‘ rr< ? by granulosa 1 No external covering; no rmejof* 

rells, the cell membrane becomes , like oolemma; they have no to' 1 '’ 
thickened to rorm Ddlrmma, they are cular arrangement and arc found » 
enclosed within follicles I constituent cells of the wall of »“ e 

| seminiferous tubules. 

Daughter cells Daughter cells arc of unequal size. J Daughter cells arc of equal sue. 
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THE MALE GERM-CELL OR SPERMATOZOON 

'Hie spei matki, which is a matured male germ-cell, is converted into a spermato- 
zoon by the process of metamorphosis. The spermatozoon is a specialised cell which 
differs from ordinary cell in many respects. An ordinary cell consists of 
a cell body within which all the intracellular components are confined. As will be 
seen below the intracellular components of a spermatozoon are spread out in special 
formations which add to its characteristic features. 

, Compared to the ovum the spermatozoon is a much smaller cell, and its whole 
length, which is about 50/<, equals to that of the nucleus of the ovum. It consists of 
five parts namely head, neck, middle piece or body, tail and end piece which succeed one 
after another. 

Head. The head forms the most expanded pai t of the cell and measures about 
4.5/i in Us long axis. It is oval in genera! outline and is compressed from side to side. 
It is completely invested by an outer envelope known as the "head-cap". The head- 
cap consists of two parts, anterior and posterior. The anterior part of the head- 
cap surrounds the nucleus and is knowm as the head-cap proper whereas the posterior 
part covers the portion of the head that lies behind the nucleus and is consequently 
called the post-mtclear cap. Internally the head contains the nucleus under cover 
of the head-cap proper. 

Neck. The neck follows the head and forms the shortest segment which joins 
the head with the middle piece. It consists of a deeply staining chromaphil substance 
known as the accessory body or the neck body. Although it is still a matter of controversy, 
some believe that the “neck body” is a modified form of Golgi elements of an ordi- 
nary cell. 

Middle piece or body. The middle-piece or 
the body of the spermatozoon forms the connecting 
link betu'een the neck and the tail or the flagellum. 

It consists of proximal or the anterior centriole, distal 
or the posterior centriole, portion of the axial 
filament, the axial sheath and the mitochondrial 
sheath. 

The proximal or the anterior centriole lies at the 
junction between the neck and the middle-piece while 
the distal or the posterior centriole lies between the 
middle-piece and the tail. It is ring-like and is 
pierced by the axial filament and its sheath. The 
axial filament is the central filamentous body which 
begins from the proximal centriole and passing down 
the body and tail ends in the end-piece. Except in the 
end-piece the axial filament is surrounded by a sheath 
formed out of condensation of a thin layer of pro- 
toplasm known as the axial sheath. In its course from 
the middle-piece to the tail the axial filament together I'ie- 1 12. Diagram of two 

with its sheath passes through the distal or the post- spermatozoa, 

crior centriole which is ring-like. Within the middle- A - rront view - B - Sidc view, 
piece, superficial to the axial sheath there is another sheath around the axial 
filament known as the mitochondrial sheath which is formed out of mitochondrial 
granules. 

Tail or the Flagellmii. It forms the longest segment of the spermatozoon 
and consists of axial filament with its axial sheath. 

End-piece. The end-piece consists of the terminal portion of the axial filament 
which has lost its axial sheath. 
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Hk* utennaiwna or the male germ-cells ate modified cells which are developed 
within the testis and arc discharged into ihc genital duct (yas deferens and urethra) 
through which it comes to the exterior along with the seminal fluid. Each consists 
ora head which contains its nucleus, a neck, a body or the connecting piece, a tad 
and an end-piece. 

1 he cat best male germ-cells ate known as the spermatogonia which arc the normal 
constituent cells lomung the derpest layer of cells on the walls of the seminiferote, 
tt ib tiles of the teste. In the first phase of spermatogenesis, the spermatogonia" 
multi nl) b\ <r1l diMsinn and the resulting cells are pushed out from the deeper zone 
of the walls of the seminiferous tubules towards its lumen and arc Jcnowtt as the 
prima n spermatot ytei. The pi unary spermatocyte subsequently divides into 
setondary sprmtatorytes _ ’ /^-heaoc** 

h\ fictrroUpical 
mitosis m w Incli 
the number of chro- 
mosomes are reduc- 
ed to hall The 
secondary spermato- 
cyte subsequently 
divides b\ humo- 
typtial nutosis to 
lorm two spermatids 
w Inch eon lam deeply 
staining homogene- 
ous nucleus which, 
latrr oil, gi\cs to the 
formation of the 
head of the futuic 
spermatozoa. The 
spermatids do not 
divide any further 
but they are tran- 
sformed into the 
spermatozoa by n pro- 
cess of metamor- 
phosis known as spermiogenesis. With the process of maturation of die ^ 
germ-cell from a spermatogonium to a spermatozoon, the cell continually nto** 5 
towards the lumen of the seminiferous tubule till it lies free in the lumen. 

Metamorphosis of the spermatid into the spermatozoon or spermiogenesis. The different** 
non or the spermatid into a spermatozoon is an ingenious, striking process in "Wf® 
the nucleus suffers a great change and there is modification of the cytoplasm and » s 
constituents. The nucleus, which is confined to the head, either contracts or e 
elongated in an attenuated fonn. A portion of the Golgi substances, together t*® 1 
some amount of cytoplasm is modified to form the head-cap proper. The 
nitclcAi cap is formed out of a thickened membrane in association with the anto^ 
V ,p fcntriolcs arc arranged in proximal-distal formation. The n8«* 
firm V- * u r , . anccs arc condensed to form the axial sheath. The axial filaments' 

. w 1 In ., rda,, . 0 , n , 10 tl,c anterior and posterior ccntrioles and then grows backw*r® 
GSSLft ,ri,tl dlc piece and the tail. The cytoplasm is modified and Is dra»j, 
.M 1 " ~ c region to form a sheath for the head, neck, middle piece® J, 

j ' • ,' c ai ■ Exc«s r>f cytoplasm, Golgi and mitochondrial substances are cast , 

during the pretest of mrl.imoipliosij. 


wwrrsios — I — c 


HIAMENT j 


l‘g 


1 1 3. The metamorphosis or the transformation of the sperms' 4 
into spermatozoon. 
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SEX VARIABILITY AND CHROMOSOME REDUCTION 

Each somatic cell contains 23 pairs of chromosomes which are autosomes, that 
is, all of them arc of same type, whereas each germ-ccll contains 22. pairs of auto- 
somes and one pair of sex chromosomes. In the female the two sex chromosomes arc 
similar to each other and arc known as ‘X* -chromosomes while in the male the 
two sex chromosomes dilfer from each other and one is a 'X’-chromosoinc derived 
from the mother, and the other is a “Y* '-chromosome of paternal origin. 

Liter somatic cells the spermatogonia and the odgonia contain 2? pairs of chro- 
mosomes of which 23Lpairs arc autosomes and one pair of sex chromosomes. Durin g 
reducti on divisi on of the gc rm-cclls half the number of chrom osornes_ passes to th e 
res uTTTnK-daugliicricclls sol hat^ ea ch, daughter cell c on tains~23.a u tosomes and one 
sex chromosome. In the female" the sex chromosome in the daughter cell is the 
‘X*-chromosomc but in t he ma le it may he either “X” or “ Y' , -ch romosomc. 

When fertilisation fa Ices ' pla cepsperm containing 22. autosomes and “X”-or 
“Y” -chromosome fuses with the ovum which also contains 23 autosomes and one 
‘X’-chromo5omc, and consequently, the resulting cell contains the usual somatic 
number of chromosomes, that is, 2J pairs. If a sperm with 23 autosomes and one 
‘X'-chromosome unites with an ovum which also contains 23. autosomes and one 
‘X‘*chromosomc, the resulting cell contains autosomes and 2 sex chromosomes 
of the same type (x+x) and the sex in this case will be a female. If on the other 
hand the male sperm with 22, autosomes and one “Y”-chromosome enters the 
ovum (containing 23_ > nutosomes and one sex chromosome or the x-chromosomc) 
the resulting cell will contain 4\j autosomes and X and Y sex chromosomes and the 
resulting sex would be a male. 

STAGES OF DEVELOPMENT 

The study of embryology concerns pre-natal life only which usually covers 9 
calendar months or 10 lunar months. The pre-natal life can be sub-divided into 
(a) prc-embryonic period (b) embryonic period and (e) fccta! period. 

(a) Prc-embryonic period. The prc-embryonic period begins with the 
formation of the single-celled zygote, as a result of the fertilisation of the ovum, and 
, extends for about two weeks. During this period the single-ceJJcd zygote multiplies 
rapidly by segmentation, differentiates into embryonic and non-embryonic portions 
and 5s embedded into the uterine endometrium which has been transformed into 
‘what is known as “decidua”. The shape and form of tire embryo have not yet 
developed. 

1 (b) Embryonic period. It extends from the end of prc-embryonic period to 

the end of the second month and during this period, although definite foim and shape 
'of human being cannot be identified, rudiments of almost all the organs are formed 
•«and can be identified. 

: (c) Fcetal period. This period succeeds the embryonic period and extends 

’fiom the end of the second month to the birth of the foetus. This is the period when 
‘ the growth manifestations arc markedly prominent, particularly during the last few 
’days prior to birth. The growing embryo assumes definite human form during this 
•period and is transformed into the “fectus”. 

I PRE-EMBRYONIC PERIOD 

Fertilisation 

1 . The union of the male gamete with the female gamete to form a zygote is known 
yvs the fertilisation. The discharged oocyte surrounded by corona radiata has undcr- 
' gone a stage in which the first polar body has been extruded and the second matura- 
tion spindle is being formed when it is penetrated by the spermatozoon and the 
union between the two usually lakes place within the outer or ampullary part of the 
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uterine tube. It is believed that the entire sperm penetrates into the ovum and after 
son.e time the middle piece and the tail are no longer detected and presumably thet 
are absorbed by the c> toplasm of the ovum. After the entry of the sperm, the second 
polar Iwd) of the ovum is extruded and the chromosomes rc-arrange themselves with- 



, ' ” ” J nX V cm k ? own . as die female tnnuckus. Meanwhile, the head «>' 

!K"" A"'"'"'"'-' "S' 1 "” “ enlarged svstlun the ovum. The swollen and 

Tn.nk r„ rn", U “ m, ‘ #"***«». At tlm stage the ovum lias aim* 

nnmk mitn us surroundings to form the pmviullw, 
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The male pronuclcus then rotates through 180° angle and gradually approaches 
the female pronuclcus towards the centre of the ovum and the union of the two 
pronuclei takes place exactly in the centre of the cell to form a single nucleus known 
as the segmentation nucleus which contains full number of chromosomes, that Is, 48 in 
number. The single cell formed after the union of the two pronuclei is called the 
zygote which is possessed of full complements of a typical cell and contains all the 
potentialities of the parents. 

SEGMENTATION AND FORMATION Or MORULA 
AND BLASTULA 

After the union the ccntrosome derived from the proximal centriole of the 
sperm makes its appearance and passes to the periphery' of the cell and then divides 
into two, each passing to each pole of the cell. The united pronuclei lose their 
nuclear membrane and their chromosomes re-arrange themselves, and each chromo- 
some divides longitudinally into two, one passing to each pole of the cell to the 
ccntrosome. Then opposite the equator of the spindle there develops a furrow which 
gradually deepens and ultimately two cells are formed (two-celled stage) and thus the 
zygote passes to the stage of segmentation in which multiplication of cells occurs by 
repeated cell divisions. Segmentation continues by the process of mitotic cell divi- 
sion and results in the formation of a mass of cells known as the morula. It is so named 
because the newly formed cell-mass resembles a mulberry in appearance. The 
morula is then carried to the uterine cavity by the movement of the cilia of the ciliated 
epithelium of the uterine tube and by the rhythmical contractions of the musculature 
of the uterine tube. This journey from the uterine tube to the uterine cavity takes 
a’ **t six days since fertilisation of the ovum. 



Fig. 115. The Morula. 


Fig. 1 1C. Tlie Blastula. 


The time the morula reaches the uterine cavity the endometrium is in its luteal 
phase in which the latter has become considerably thick and vascular, and its glands 
arc pouring out their secretions into the uterine cavity. As a result the whole uterine 
cavity is covered with a film of mucus into which the morula floats. Then the morula 
undergoes a physical modification in which the fluid from the uterine cavity enters 
within the cells of the morula, the outer cells of the morula acting a dialysing 
membrane. This fluid derived from the endometrial mucus provides nutritive elements and 
oxygen la the morula at this stage. 

The fluid imbibed by the morula makes its room within it and thus, the morula, 
which was a solid cell mass, develops within, a cavity filled in with fluid, and the 
latter splits the cell mass into an inner cell-mass and an outer flattened layer of cells, the 
! trophoblast. The morula, at this stage, which contains a single cavity within (blasto- 
^ coele), is called the blastocyst or the blastula. 
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IMPLANTATION OF BLAST’D CYST 


Hie hyperli opined endometrium at this stage becomes rough and irregular with 
depressions and elevations. Most of the depressions are formed by the wide mouths of 
the endometrial glands and the blastocyst which is smaller than the opening of the 
endometrial gland* is lodged into one of these openings preliminary to the final 
implantation in between the glands. The outer lay er of cells of the blastocyst is now 
called the trophoblastic cells. Later on, the trophoblastic cells become fused with 
the endometrial epithelium between its columnar cells. The attaching cells of the 
trophoblast is called the attaching 
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trophoblast. Later on, the area of con* 
tact of the endometrial epithelium 
undergoes degenerative changes, pro- 
bably due to an enzyme secreted by 
the attaching trophoblast, and the 
blastocyst gradually sinks down into 
the endometrium and gains a wider area 
of contact. Then the invading tro- 
phoblastic cells reach the stroma of the 
endometrium which becomes swollen, 
ccdematous and congested due to the 
same enzymatic action. The growing 
trophoblast at this stage derives iu 
nutrition from the tissue fluid of the 
ccdematous and congested stroma. 
Subsequently the trophoblastic cells at 
the area of contact become thicined 
and differentiated into two layers, inner 
. . , and outer. The inner layer is called 

me cjtotrcphoblast or Langkan's layer and the outer layer is called the syncytium or the 
plastnodiotropf, oblast which lies in direct contact with the maternal tissues. The 



syncytial layer rapidly grows and spreads out into the stroma which, due « 
degenerative changes, contains much of tissue fluids and extravasated blood. The 
tissue fluid together with the extravasated blood is called embtyolrophe from which li 
embryo at tins stage derives its nutrition through its syncytial layer. 


I he point of entry into the 
uterine endometrium is gradually 
closed by a coagulum of fibrin and 
by the growth of the surrounding 
uterine epithelium. The above 
method of implantation is called inter . 
it dial implantation and the ovum fiom 
its discharge up to its implantation 
into the stroma covers a period or 
about eleven days and the i.ormal site 
of implantation is in the endometrium at 
the upper posterior nail of the body of the 
uterm After complete implantation 
the blastocyst lies in the superficial 
part or Hie stratum compact urn and 
produces a slight elevation into the 
uterine cavity. The uterine endmn- 

rnVi U T.i aft 5 r J l,c '^plantation is 
called the decidua. 



-Ctrl, P, e< ?, dU ** T hc utcr * nc endom- 

’ >n‘* un<Ier ro thcTnflt^ne« r or , njS^ S!OC},t fmSM t!,rou Sh a stage of "decidua] I ** 
influence of progesterone (corpus lutcum hormone) in 
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joth the stromal cells or the endometrium as well as the epithelial cells lining the 
jterinc cavity arc converted into large, oval, glycogen containing cpitheloid cells 
known as the decidual cells. The uterine endometrium after decidual changes is 
known as the decidua. 

The decidua that overlies the blastocyst is called the decidua capsularis, that 
intervenes between the blastocyst and the myometrium is called the decidua basalt's and 
that lines the rest of the uterine cavity is called the decidua parielalis. 

Characteristic changes. The uterine endometrium after decidual changes becomes 
considerably thick, and both the stromal cells and the lining epithelial cells are 
converted into decidual cells. It can 
be divisible into three zones, a 
superficial thin compact layer known g 
as the stratum compactum, an inter- * 
mediate less compact thicker layer q 
known as the stratum spongiosum and a f 

less thick unaltered deepest layer 5 
known as the stratum basalt. 

The uterine glands become , 
tortuous and coiled in the region of 
the stratum spongiosum and stiatum , ~ 

compactum while the portions ex- . § 

tending into the stratum basalc do S 
not suffer any change. The uterine 5 
vessels become very much enlarged, 5 
coiled and tortuous. Their walls 
become thicker due to proliferation 
of the subcndothclial cells and 
thickening of the clastic laminar. 

These arterial changes affect the 
stratum spongiosum and stratum 

compactum only. A . .... 

rig. 119. A section through decidua to show 

The nature of the decidual reaction. its compact and spongv la>ers and the decidual 
The decidual reaction affects the cells (Diagrammatic). 

endometrium of the body and the fundus of the uterus only. The endometrium 
of the cervix uteri does not show any decidual reaction. The reaction is associated 
with pregnancy and starts after implantation of the blastocyst. Milder degree 
of decidual reaction is also noticed in the uterine endometrium during the fourth 
week of menstrual period. 

In the presence or adequate amount of progesterone in the circulating blood, 
decidual reaction of the uterine endometrium may also be produced artificially by 
irritating the uterine endometrium by foreign bodies such as needle, thread etc. 

ABNORMAL SITES OF IMPLANTATION 



UTERINE GLAND DECIDUAL CELL ILOOD SINUS 


Normally the fertilised ovum is implanted in the endometrium at the upper 
part of the posterior wall of the body of the uterus. In abnormal cases it may be 
implanted in the endometrium in close proximity to the internal os giving rise to a 
condition known as the placenta pravia. It may, however, be implanted elsewhere 
other than the uterine cavity and the condition of extrauterine implantation is known 
as the ectopic gestation. In ectopic gestation the implantation may take place either in 
the uterine tube or in the ovary itself or in the general peritoneal cavity. The 
intratubal implantation is known as the tubal pregnancy in which there is usually 
rupture of the tube during the second month of pregnancy causing severe internal 
t hemorrhage to the mother and the death of the embryo. In some cases after tubal 
rupture the embryo survives and is secondarily implanted into the neighbouring 
peritoneum giving rise to a condition, known as the secondary abdominal pregnancy. It 
'has been observed that primary ovarian implantation may take place in some cases but 
* 1 
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in fart, this is secondary to the rupture of the tubal pregnancy. Although opinion 
\arir% the usual cause ol ectopic gestation may be the delay jn the passage of 
the mum through the uterine tube due to chronic inflammation of the same (chronic 
salpingitis). 



FORMATION OF GERMINAL LAYERS AND 
TIIE EMBRYONIC AREA 


i hr itiomla after its entry into the uterine cavity undergoes physical changes** 
ului h. fluid limn the uterine cavity passes into it through its outer layer of cclG aiw 
tumuli u into a blastocyst. The cavity of the blastocyst containing the fluids 
tailed the MaUteele. The fluid of the blastocyst malccs its room within the month 
h\ di\pb<< merit of the* cells within it. The cells are irregularly displaced, so that, 
thrir IS .1 mass of cells on the inner aspect known as the inner cell-mass and a single 
»a><r ol flattened rclls on the outer aspect known as the Irophoblast. 

Ihc ttophoblastjc layer Is separated from the inner cell mass by the blastoecfe 
<yi\u\ m the greater part of its extent but remains connected with the same oppose 
the inner cell-mass. 


I liui a single layer of cells becomes isolated from the blastocclic surface of*Jj e 
Hmri rrlhinass and is called the cntadermal cells. The remaining cells of the inner Cfy* 
(otautute the embryonic ectoderm which is also called the Jormelitt 
} hv r l °dcrmal rrlk then become aggregated to form a flattened disc. The 
Irntxl ectodermal disc or the embryonic disc separates itself from the flatten™ 
trophoblastic cells (amnmgcmc cells) opposite the centre but remains fused «>'“ 
Inc same at the periphery and thus a cavity forms between the amoiogenic cells 
me crtcuJermal disc and is called the amniotic cavity. The cells of the ectodermal d* - 
arc railed the embryonic ectoderm which gives rise to the formation of the embryo 
the atninjogrmc cells form the amniotic ectoderm. 

Hie entodenn.il cells which have already been isolated from the inner cell 
M>re.ui over the outer peripheral margin of the ectodermal disc and then by prthiei** 
turn ami extension, lines the whole of the inner aspect of the blastocyst and t!r- 
sac > lar s cr thnn the amniotic cavity, develops toxif' 
.. \ rr n.V^ ,lt l ‘} tIcr ‘ . cclIi °f the primary yolk sac are of two types; 

. * - * p icectiKlermal disc arc of colloidal type and are known as embryonic tnlw 
, ‘ , lhm ~ Iin,n K l, * * ie irophoblast are flattened type of cells and arc known 
\Ve,!m~Zu Xt ' a ™'V n ”\ C fnloJe r n : Al this Stage the tmilamtnar ectodermal d* 
iC * m,nar ,0 S et ** cr .y4? thc cntf >d"nral cells and this bilaminar plate (or*> 

" • n r Tt it 'VT dtK from " hich thc embryo develops. Subsequent^ 
,..1 .«, * ** cc s * the^n nurry extra-embryonic mesoderm, appearsbetween theerttocen 5 

l the inner aspect of the Irophoblast and are derived possibly from the latter. 
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The cells of the primary extra-embryonic mesoderm proliferate and form a 
network of cells between the primary yolk sac and the trophoblast and isolate the 



Fig. 121. Formation of entodermal vesicle 
from the inner cell-mass. 



Tig. 122. Formation of ento- and 
ectodermal \esicles, extra-embrjonir 
ccelom and the primary mesoderm. 


former from the latter. The reticular, loose primary extra-embryonic mesoderm is 
called the magma relieulare which displaces the primary yolk sac and makes it smaller. 


Formation of extra-embryonic coelom. The extra-embryonic ccelom at 
first appears as two clefts, one on each side, in the mass of loosely packed cells of 
primary mesoderm that intervenes between the trophoblast, and the primary yolk sac 
and the embryonic area. These two clefts gradually enlarge and finally they run 
together to form a single cavity known as the ex Ira-embryonic ccelom. The extra- 
embryonic ccelom thus splits the primary mesoderm into two layers, one lining the 
inner surface of the trophoblast and the other lining tiie embryonic area, which are 
separated from each other everywhere except at the ends of the embryonic area where 



t # he two layers are continuous with each other. The primary extra-embryonic meso- 
'erm that lines the inner aspect of the trophoblast is called the extra-embryonic "**”'"* 
leuric mesoderm and together with the trophoblast it forms the chorion. T' 
mbryonic primary mesoderm that lines the outer aspect of the primary t . 
ailed the extra-embryonic splanchnopleuric mesoderm. 

Later on, the extra-embryonic coelom, by extension, isolates the i ■ ... 
agether with the amnlotic cavity from the trophoblast except at one end u’ 
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embryonic area remains connected with the trophoblast to form the rudiment of the 
future umbilical coui. Thus it appears that the embryonic area together with its 
stalk of connection with the trophoblast is invaginated into the extra-embryonic 
ctrlom lined by primary mesoderm. 


EMBRYONIC AND FCETAL PERIOD 
In this period, with the formation of the embryonic area, growth and differentia- 
tion become the most prominent feature in the latter area which results fa «e 
formation of the embryo in which features of human form are not recognisable hut 

rudiments of all the visceiacan bcidentified. The embryo gradually assumes features 

irsrmbhng human fmm and gives rise to the formation of the feet us. 

1 he glow th < hanges at this stage occur so much in quick succession that dear cm 
dcmanatinn between the embryonic and festal periods cannot be identified and a 
Mich, the changes that occur during these periods have been dealt together. 

I he most tomcpicuuus changes that follow in quick succession in the embryonic 
area art* the formation of primitive streak, primitive node, intra : embtyonic 
rnt sode i in, neural groove and the notochord which have been discussed in the 
following few pages. 


FORMATION OF PRIMITIVE STREAK, INTRA-EM BRYONIC 
MESODERM AND NEURAL GROOVE 
At the caudal end of the embryonic disc the ectodermal cells show differentia- 
tion in glow th and the cells here rapidly proliferate and as a result, the proliferate® 

cells produce a linear tlilclcerurg 
which bulges towards the amnintt 
cavity. This is known as thc/rwwW 
streak. Due to compactness Wt 

ectodermal cells of the pnnuli« 
streak become rounded, lose «tP r 
basement membrane and dnw 
rapidly. Due to compactness < 
space some of the newly formed cris 
spread out laterally and caudajty 
tween the entoderm and ectodcg 



and form a distinct group 


of thr 


gives rise to the formation o* 
secondary mesoderm or 
AK mesoderm. Caudally the cells 

secondary' mesoderm migrate br ' 
the posterior edge of the 
form the secondary mesoderm of . 
nective stalk. Tlius with the fo ■ 
lion of the intra-embryoruc 
ondary mesoderm die 

bilaminar embiyonic disc becoi^ . 

trilaminar one consisting °* 

. . derm, entoderm -and * 

bmne °{ mC j xtcsc ^ crm cxcc P t opposite Uic prochordal plate and the cloacal 

Later on, at the anterior end of the primitive streak growth becomes 

iced and « marked by an elevation known as the primitive node or knot or ft- j 

. . ^°° n . a (l cr the formation of the primitive node the ectodermal cclh . 
^ Crph -1 1 ’ C „ Cnd dlfrc , rcnliate and become thickened to form the meduloi7j & ,i 
RrfduaUy mends caudally beyond the primitive node. The cells <* - 
S ul! dullary plate undergo rapid proliferation and there is Iongt‘°V| 
> * S of the ntrdullary plate to form a shallow* groove known as the neural .? i 


121. Thr embryonic a: 


nounecd and 
noth. 
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The neural groove gradually deepens and its lateral margins become raised to form 
he neural folds. The neural folds gradually approach each other and finally they 
use together in the mid-line to form a 
ubular structure, the neural tube or 
rural canal. The fused dorsal surface 
if the neural tube remains connected 
rith the surface ectoderm by a linear 
vail of cells for sometime and then be- 
:omcs separated from it; then a group 
»f cells appears in the angle between the 
icural tube and the surface ectoderm 
ailed the neural crest. The nervous sys- 
em develops from the neural tube and 
he neural crest (see later). 

THE NOTOCHORDAL PROCESS 
&. THE NOTOCHORD 

After the formation of the primi- 
ivc node the ectodermal cells at the 
:entrc of the node undergo invagination 
owards the cntodermal vesicle to form 
t small recess known as the blastopore. 

Then a cord of cells from the primitive 
lode projects forward along the middle 
ine and intervenes between the floor of 
he ectodermal neural tube dorsally and 
lie entodcrmal vesicle ventrally. This 
:ord of cells is called the notochordal or 
md process. Thus it is found that the 
mmitive streak gives origin to two important 
[nurtures, namely, the notochord from its 
tphalic end and the inlra-embryonic or 
econdary mesoderm front its sides.* 

The anterior end of the notochordal 
process becomes fused with the pro - 
hordal plate, a thickened layer of 
indodermal cells at the anterior end of 
he embryonic disc. The entoderm of 
he prochordal plate remains fused with 
Jie ectoderm without any secondary 
mesoderm intervening between them and because, in future, this fused bilaminar 
membrane intervenes between the primitive pharynx and the primitive buccal 
:avity it is called the buccopharyngeal membrane. Thus the notochordal piocess 
is more or less fixed by its fusion with the prochordal plate. The ectodermal 
invagination at the summit of the Hensen’s node (Blastopore) then elongates and 
invades into the notochordal process so as to canalise it and to form the neurentenc 
Dr the notochordal canal. With further growth, the notochordal process lengthens in size 
and the anterior end of the notochordal process being fixed with the prochordal plate 
he lengthening of the embryo takes place in a caudal direction. Further extension 
pf the blastopore leads to openings in the floor of the ncurenteric canal and the two 
cavities, the amniotic cavity and the yolk sac, are communicated to each other. All 
'lie openings in the floor of the neurenteric canal become confluent and a groove 
ippears on the undersurface of the notochordal process. This groove then gradually 
'videos and forms a shallow plate of columnar cells known as the notochordal plate. 
Thus the notochordal process which formerly intervened between the entoderm 
^ind the ectoderm becomes intercalated with the entoderm in the median plane, and 



development of the neural lube. 
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the embryonic entoderm at the roof of the yolk sac is divided into right and left 
halves by the intervening notochordal plate. Then the cntodermal cells of the 

chomonic vjiu notochordal plate bridge over 

the notochordal process onpo- 

tCTOOHH * - 
AMNION ,„NX« 

:*vht of amnion 



I process oppo- 
site the median plane and bury 
the same which has now been 


completely separated and has 
formed the definitive notochord. 


formation of neurentcric canal. 


Functions of notochord. 
In the vertebrates the noto- 
chord in its primitive form 
fulfils the purpose of centra! 
axis of support, and as the 
vertebral column is formed 
around it, the notochord is be- 
lieved to be the predecessor of 
the vertebral column. It is be- 
licvcd that the notochordal crib 
produce two hormones, one b 
responsible for the conversion 
of the overlying ectoderm into 
nerve cells and the other is j 
responsible for the differentia- 
tion oft he para-axial mesoderm 
into sclerotome, myotome and J 
dermatome. 

Thus the notochord is w 


essential structure during the early embryonic stage and is responsible for the deve 
lopment of the spinal column, central nervous system and for the differentiation e 
the para-axial mesoderm into tissues mentioned above. 




Hr. 127. Developing vertebral bodies 
ruth the notochord in the centre. 
(Micropho tograph) 


Ilg. 123. Developing vertebral bodic* 
with basioccipital (Microphotog«P“^ 


with badoccipila! (Microphotog«P “7 
Note the up-turned end of the notoebem 
extending into basiocapital. Fibrous 
maim of thL< portion of the notochorf 


VI LII1A jniruon 04 

forms the apical ligament. 

>spind <S. Phi ° XUS th ' nMocht,rd as a permanent structure and forms the 

' '? ‘, hc -otochorf after it, origin from the primitive 

. at first, forms .a rod of cells, then it forms a tube and ultimately it is convtf' 



EMBRYOLOGY 


103 


ted into a solid rod composed of cells of a peculiar type. Subsequently it is surround- 
ed by a sheath, the notochordal sheath derived from the cells at the inner part of the 
somites. The notochordal sheath provides for the skeletal basis of the future vertebral 
column and the basioccipital and part of the basisphenoid bones of the skull. 

During the second month of fcetal life due to constricting effect of the developing 
sclerous tissue in the notochordal sheath the notochord begins to disappear. Ulti- 
mately at a later stage the notochord completely disappears except in the inter- 
vet tebral discs where its remnants exist as the nucleus pulposus. The apical liga- 
ment which connects the apex of theodontoid process of the second cervical vertebra 
with the basilar part of the occipital bone is also believed to be its fibrous remnant. 

In amphioxus which forms the connecting link between the vertebrates and the 
invertebrates, the notochord exists as a permanent structure and forms the main 
spinal axis. 


FORMATION OF HEAD , TAIL AND LATERAL FOLDS 

Head-fold. An epidermal outgrowth, during the late gastrula stage, extends 
above the general tissues of the blastoderm at the wider extremity of the developing 
embryo so as to form a rudimentary fold wliich projects ventralwards, known as the 
hcadfold. This rudimentary epidermal fold contains within it the entodermal fold, the 
invaginating neural plate material (the developing neural tube) and the notochord 
which intervenes between the entoderm and the developing neural tube. Soon after, 
the primitive head fold forms a cylindrical head-outgrov th which is an epidermal 
tubulation containing within it the entodermal and the neural tubulation and the 
notochord which intervenes between the entodermal and the neural tubes. 

Tail-fold. The tail-fold is also formed similarly as the head-fold at the opposite 
extremity of the developing embryo and is bent ventralwards. This is also an 
outgrowth of the tubulation process in which the outer tubulation is formed by the 
epidermal cells within which there lie the tail portion of the neural and entodermal 
tubes and the tail-end of the notochord which intervenes between the neural and the 
entodermal tubes. 

Lateral-folds. Opposite the intervening area between the head and the tail- 
folds (future trunk region) there is ventral constriction of the ventro-lateral areas of 
the developing embryo so as to form two lateral folds, one on each side, which 
gradually converge towards the median plane. The epidermal, mesodermal and 
entodermal folds come together in the formation of each lateral fold. Initially the 
embryonic margin corresponds with the margin of the embryonic area but later on, 
with the formation of the right and left lateral folds, the embryonic margins form the 
boundary of a large orifice, the primitive umbilical orifice. The primitive umbilical 
orifice communicates the extra-embryonic coelom with the intra-embryonic ccclom 
and transmits the intestinal loop. 

THE FATE OF THE INTltA -EMBRYONIC MESODERM 

As already stated the intra-embryonic mesoderm is derived from the ectodermal 
cells of the primitive streak. The intra-embryonic mesodermal cells spread laterally 
between the ectoderm and the entoderm ana meet the extra-embryonic mesoderm 
at the lateral edge of the embryonic disc. They also extend laterally on either 
side of the notochordal process. Thus the embryonic disc which was bilamina r 
(ectoderm and entoderm) becomes trilaminar (ectoderm, entoderm and mesoderm). 
Within the embryonic disc it is present everywhere except (1) the prochordal 
region, (2) the region of the cloacal membrane and (3) the region opposite the 
median plane from the Hensen’s node to the anterior end of the notochordal 
process. 

Concurrently with the formation of the neural groove the intra-embryonic meso- 
derm on cither side of the definitive notochord forms a longitudinal thickened band 
known as the paraxial mesoderm. The paraxial mesoderm on each side becomes 
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gradually thinned out to form the lateral p ale mesoderm which m turn is conhnuous 
«ith the extra-embryonic mesoderm at the lateral margin of the embryonic disc. The 
constricted portion between die two constitutes the intermediate cell-mass. 

Paraxial Mesoderm. As has already been noted the paraxial mesoderm 
forms a longitudinal mass of embryonic mesodermal condensation on either side of 
41 fti *» tinTf»rlir»rd nnrl tlii- nritrol 


»tCN C MESOCIAM 



the notochord and the neural 
tube. Before it attains full 
length each bar of paraxial 
mesoderm shows signs of trans- 
verse segmentations which app- 
ear in series from above ‘down- 
wards. The first transverse cleft 
appears opposite the region of 
the hind brain and then succe- 
ssive clefts appear in scries from 
above downwards and uUtmatc- 


bar is divided into about 41 or 
42 triangular blocks known as 
the somites, 'flic portion of the 
embryonic mesodermal . bar 
that extends above the middle 
of die region of the hind brain 
docs not show any sign of 
segmentation and forms the 
cephalic mesoderm. 

Each somite which at first forms a solid mass of cells soon exhibits a cavity within 
it known as the myceale. Each somite later on can be divided into vcniro-media! 
and dorso-latcral portions. The ventro-medial part is known as the sclerotome while 
the'dm>olateral part is known as the myotome. 


Sclerotome. The cells of the sclerotome rapidly multiply and migrate towards the 
sides of the notochord and the 


neural tube and form a special 
variety of cells known as the 
mesenchyme, SubscqucnUy these 
scleratogcnous cells spread me- 
dially to become continuous 
with the similar cells of the 
opposite somite and also ex- 
tend caun’aiYy and craniaffy to 
become continuous with the 
cells of the adjacent somites. 
Thus the neural tube and the 
notochord arc completely sur- 
rounded by a membranous 
sheath known as the membranous 
vertebrat column derived from the 



Fig. 130. Position of germinal layer*. 

sdcratogenom ccib of the sclerotome. The cells of the membranous terletoJ 
column later on differentiate to form the vertebra] column with Its ligaments a n “ 
the duramatcr of the brain and spinal cord. In other words the sclerotome ^ 
the paraxial mesoderm gives rise to the formation of the v crtebral column and 
ligaments as well as the duramatcr of the brain and spina] cord. 

T r c ^ orso * la tcraI part of the paraxial mesoderm which is left ap^ 
niter migration of sclerotome, constitutes the myotome and it is so named becai* 
~\ arc ° env ^d from it. The cells of the myotome form a fiat plate-like structurt 
.hose dorsal and ventral ends a>-<- — ». j .t.:_ ... _ .._wt.ire £ 


: curved inwards and this plate-like structure £ 
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known ns the muscU-pfate. Subsequently the outer pan of the muscle-plate fuither 
differentiates to form the mesodermal integuments and is known as the dermatome 
or cutis-plate while the rest of the muscle-plate develops into muscle fibres. 




Cephalic mesoderm. The cephalic mesoderm can be divisible into two parts 
— segmented and uasegmented pans. 

The segmented pnrt of the cephalic mesoderm lies opposite the caudal part of the 
hind brain and consists of four segments on each side known as the occipital somites. 
The sclerotome of the occipital somites gives rise to the formation of the occipital 
bone and the duramatcr of the brain in the region while their myotomes form the 
intrinsic muscles of the tongue. 

The unsegmented pari of the cephalic mesoderm lies cephalic to the lower part 
of the hind brain and from it the rest of the muscles, bone, duramater and 
other connective tissues of the head region are formed. 

The Intermediate cell-mass. The intermediate cell-mass intervenes be- 
tween the paraxial mesoderm and the lateral plate mesoderm and forms a conti- 
nuous column of cells. Its cells give rise to the formation of the excretory 
structures which are arranged in relation to the somites and arc often called 
ttephrolornes. The kidney, renal pelvis, ureter, a small portion of the urinary bladder, 
vas deferens in the male and the round ligament of the uterus in the female are 
developed from it. 

The lateral plate mesoderm. Isolated cavities appear within the lateial 
plate mesoderm which become confluent to form the intra-embryonic ccelom. The 
cells of the lateral plate mesoderm differentiate to form the connective tissues of 
the body with the exception of those developed from the sclerotome, the lining 
mesothelial cells of the peritoneum, pleura; and the pericardium, and the plain 
muscles of the alimentary canal and the blood vessels. 

The lateral plate mesoderm is continuous with the paraxial mesoderm at its 
ventrilatcral angle and does not show r any sign of segmentation. The narrow strip 
of mesoderm that connects the paraxial mesoderm with die lateral plate mesoderm 
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is called Ihc intermediate mesoderm which later on gives rise to the formation of the 
rxciclnry sjstem and the gonads. The lateral plate mesoderm of each side ex- 
tends forwards in front of the somite region and usually fuses together in the middle 
line in front of the prochordal plate. The mesoderm of bilateral origin in front 
of the prochotdal plate gives rise to the formation of heart and lienee called the 

firocardiac mesoderm. 


NtIJMU mar 


PAMxiAl KESOOEAM 



Tig. m Diagrammatic rrprcwntation of a transverse srrtinn of the 
rmi.r>« tu 'how neural tui’c, notothonl ami part of the 
scifimltrv mesoderm. 

r Mud ci m it constitutes the somatopUurr; and that lining the* intra-cmhryon' c 
225 011 ‘V c ent 5 dcrm , » ca Hcd the intra-embryonic splanchnopleuric mesoderm or 
splanchnic mesoderm and together with the entoderm it constitutes the splanchnopleun 


The intra-embryonic 
ccclom of either side 
is continuous with 
each other in front 
of the procardiac 
mesoderm and forms 
a single horse-shoe-' 
shaped cavity. The 
intra-embryonic coe- 
lom is at first a 
closed space but 
later on it commu- 
nicates with the 

extra-embryonic ere- 

lom at the lateral 
edge of each of its 
caudal extremities 
Thus the intra- 
embryonic crrlom 
formed by the intra- 
embryonic meso- 
derm intervenes be- 
tween the ectodeno 
dorsally ami the 
entoderm on the 
vential aspect. The 
mesoderm lining the 

intra-cmbry° n ' c C(C ' 
lom on the ecto- 
derm is called the 

intra-embyonicsor.atD- 
plettric mesoderm *>r 
somatic mesoderm an 
together with to 


JXTIIA -EM DR TONIC CCELOM 

1fl( , u n T ]om b a horseshoe-shaped cavity within the «nJ#J 

mii i 'r the confluence or initially isolated cavities in the lateral jdJJ 
rtr tL,!'/ ,rSt ! U t a cl ° sed c-^ity but later on, it communicates wif 
SomSSS ?£•,' C t ^° m la,cra ”y al !ls caudal end on each side. As St is a horsj 
i hftio E mSIi V'T 1 nl or a ,ramvcrse Umh which joins the anterior ends* 
tiSiSJmSlv 8 - J ,mbS - , t 1 t, he , l . ransveBB 1Imb of ,hc intracmbryonic ccelom p^ 

C? SJIS thc m,dd > e hne in fiont of the prochordal plate or the.buc<£ 
cardiogenic nlate primitive pericardium which contains 
Sc ocricirchnm , ' n ° Q I- Wil ,V the folding of thc head and tail ends, the pW* 
N was V n nlra, l y and “Udally and thc cardiogenic plate vrf»* 

loof of Uic same WSth^t fl °° r ° f thc P cricardial cavity now comes to ocrupy 
or uic same. With subsequent reversal of the head fold, the mesoderm, ^ 
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was lying ventro-cranially, is displaced caudally. This caudally placed mass of 
mesoderm is now called the septum transversum. The longitudinal limbs of the 
in tra-embr yon ic cccJom are now called the pericardb-pcriloneal canals. With subse- 
quent growth, these canals are lengthened and 

the growing lungs are invaginated into them. / P mto ( couch 

The cranial segments of the pericardio-pcri- 

toneal canals opposite the lung-buds are called couom 

the pleural cavities and the caudal segments form /g|||pllls=3|||pj|\ / 

the peritoneal cavity. Now at this stage the in- 

tra-embryonic coelom can be differentiated slrjf/ \ S 

into a median pericardial cavity, two pleural gff|| / HUi 

cavities and the peritoneal cavity. The peri- ( -M ^ tgpjf 

cardial cavity communicates on each side with si=ll V jjj 

the pleural cavity by the pleuro-pericardial jji ]§f hi '‘■ UN0BUC> 

openings and then each of the pleural cavities g||f S j=B^ 

communicates with the peritoneal cavity by , j! BE f 

pleUTO-peritoncal opening. Later on, these openings £§f§| 3 V- - ^ 

of communication become completely obhte- Ijgji a 

rated and the pleural cavities are separated from jj§|j j 

the pericardial cavity by the duct of Cuvier and ric 13l . re„ro.p™ rart liat part, 

from the peritoneal cavity, by further develop- of (hr in-tom logedirr w ith ihr 

ment of the diaphragm. The communication pnmitixr pharynx and the lung-bud. 

between the extra-embryonic and the intra-embryonic ccelom is also obliterated. 



FATE OF THE GERMINAL LAYERS 

Ectodermal derivatives — 

(1) Epithelium of the skin and its appendages such as hairs, nails, epithelial 
cells of the sweat, sebaceous and the mammary glands. 

(2) Epithelium of the oral and nasal cavities. 

(3) Epitheliunvof the terminal parts of the genital tract, urethral tract and the 
lower part of the anal canal. 

(4) Dental sac or the milk teeth and the enamel of the permanent teeth. 

(5) Rathke’s pouch which gives rise to the formation of the antcrioi lobe of 
the pituitary gland. 

(6) Central, peripheral and autonomous nervous systems. 

(7) Medulla of the suprarenal glands and the neurilemma sheath of nerves. 

(8) Lens of the eye, anterior epithelial layer of the cornea and the outer cuti- 
cular layer of the tympanic membrane. 

(91 Muscles of the iris. 

(10) Sensory epithelia of the auditory and olfactory organs. 
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i Mesodermal dcrirathes — 

(1) All the connective tissues including hones, cartilages, dentine and blood, 

(2) Myocardium of the heai t and all other muscles in general except the 
muscles of the iris. 

(3) Lvtnph glands, spleen and the lymph vessels. 

(4) Lndocardium and the endothelial lining of the blood vessels. 

(5) Bursa; and the synovial membranes of the joints. 





EttioAftnxal derit attic * 

mina^larts. 11 covcrin S ‘he whole of the alimentary tract except its ter* 
<2) ° f " ,C llvcr > I-"™, thyroid, parathyroid and the 

(4) Epithelium of tPo? 8 *? r V n -' t , trachea, bronchi and the lung alveoli, 

rue ramta2a„dTh^' ,, -£“? ,y!n ' :ludi "K ,hc i""cr surface of ihetyrnpr- 

(5) Epithelium or thc d urinare tdadd* ° r ‘ h ' Pb^Sotympanic tube, 
bladder which is of m^ b 1 dcr . «cept that over the trigone of U>c 

■ — - 
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FCETAL MEMBRANES 

Roughly speaking, any tissue that develops from the fertilised ovum and does 
not come to the formation of any part of the foetus proper, is known as the fatal 
membrane. The^oflfc sac, the allantois, the amnion, the chorion, and the umbilical cord, 
all these structures constitute the fatal membranes as they do not come to the construc- 
tion of the feetus proper. 

Before the formation of the 
chorion and the amnion the 
outer trophoblastic layer of a 
blasiocale is the first fatal 
membrane. It is partly separ- 
ated from the inner cell- 
mass by the blastoccele con- 
taining fluid. The tropho- 
blastic layer is ectodermal in 
origin and forms the first 
unilammar foetal membrane. 

The Yolk Sac. It has 
already been stated that 
after the formation of the 
blastocorie a layer of ento- 
dermal colls segregate from 
the inner cell mass and lines 
the inner aspect of the tro- 
phoblast, and thus the un- 
ilaminar trophoblast be- 
comes bilaminar, and consists of inner entodetm and outer ectoderm. The cavity 
contained within the entodcrmal lining is the primary yolk sac. 

The primary yolk sac consists of a roof, a floor and surrounding walls. Its 
roof is formed by a layer of extra-embryonic entoderm which is covered by 

splanchnoplcurie 
mesoderm. Its 
floor is formed by 
cipbryonic ento- 
derm of the embr- 
yonic disc. Its sur- 
rounding walls arc 
formed by embr- 
yonic entoderm 
and the splanchno- 
plctiric mesoderm. 
The primary yolk 
sac then becomes 
much smaller in 
size due to deta- 
chment of its distal 
portion. The much 
reduced proximal 
portion of the pri- 
mary yolk sac 
which now exists, 

is called the secondary yolk sac. The isolated detached portion of the primary yolk 
i sac then gradually disappears. The canty enclosed by the somatopleuric anti 
splanchnoplcurie mesoderm is called the extra-embryonic tctlom which now Imu 
f much enlarged. ^ 

Tire splanchnoplcurie mesoderm which lines the outer aspect of the ret. 
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yolk sac gives use to the formation of islands of blood vessels which later on unite 
together and form an extensive network of blood vessels on the outer aspect of the 
secondary yolk sac. The vessels from the latter form a pair of vitelline veins and 
arteries which, by process of extension, communicate with the vessels within the 
rmbno- Coneunenth with the process of vascularisalion of the secondary yolk 
sac, a tl evert it ulum, thr allanlo-enteric diverticulum , extends fiom the tail end of 
the secondary \i>lk sac. 

After the allantcwnirric diverticulum has been formed the embryonic portion 
nf the set nnd.uv yulk «« gets partially entangled within the rapidly growing embryo. 

The rapidly growing embryo 



r>e. 141. A further f tagr of figurr HO. 
ikr exlrntlon nT amnmlic ra\it> at the 
c»omv ftf thr rxira-rmbrvonlc ea-Um. 


which bulges out into the enlarging 
amniotic cavity and now differentia- 
tes into head, tail and lateral folds. 
The portion of the secondary yolk 
sac entangled within the head fold 
is called the foregut , that within the 
tail fold is called the hindgut and the 
remaining portion that intervenes 
between them is called the midgut 
which at this stage, is represented 
mostly by the secondary yolk sac. 
The poriion that bulges out from 
i lie embryo is now r called the defmi’ 
live jolk sac. 

With further development the 
embryo increases in size and dm 
intestinal tract elongates; and with 
the elongation of the intestinal tract 
the communication between the 
midgut and the secondary yolk 
becomes much reduced and the 
narrowed path of communication, 
that now exists, is called the tibflt- 
With 


intestinal duct or vitelline duct. \Vith 
still further growth, the amniotic 
cavity and the vitelline duct elon- 
gates and the secondary yolk sac )’ 
gradually absorbed into ‘ nlcs, |”?; 
tract and is removed from the body 
wait. The vessels of the yolk 
are the vitelline vessels. 
vitelline arteries arise from the dorsal 
aorta and later on are fused to f ^ 5 
the superior mesenteric artery which u 
the artery of the midgut 
xitclline veins like the umbiucal 
veins undergo changes and arc 
tangled within die developing liver. 


The allantois. It first appe- 
ars as a diverticulum from the w 
end of the secondary yolk-sac a ® 1 
is known as the allanto-enUrtc dice’ n*. 


culum. Compared to other mamma » 
the human allantois is rudiment} 1 
in size and does not evaginate in 
the cxtra-cmbryonic cadom, ' 
grows out in the* mesenchyme “S , 
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connecting stalk and extend 
as far as the chorion. The 
allanto-cntcric diverticulum 
together with the connecting 
stalk constitutes the body stalk 
from which the umbilical cord 
develops. Thus’in the growing 
umbilical cord it forms one of 
its components and is as long 
as the cord itself. 

With the formation of 
the head and tail -folds, the 
hindgut moves ventrahvards, 
and the allanto-entcric div- 
erticulum, which was origi- 
nally attached to the tail end 
of the secondary yolk sac, is 
found to be attached to the 
ventral aspect of the hind* 
gut. 

The allanto-entcric diver- 



ticulum which has now been 
connected to the hind-gut, 
and has been separated from 
the secondary yolk sac, is call- 
ed the definitive allantois. The 
dilated portion of the hind-gut 
caudal to the attachment of 
the allantois is called the en- 
todermal cloaca. 

The allantoic blood vess- 
els develop in situ in the 
mesoderm of the body stalk 
and give rise to the forma- 
tion of a pair of umbilical 
veins and arteries which grow 
in both directions and vas- 
cularise the chorion at one end 
and establish communication 
with the blood vessels of the 
embryo at the other end. 

Fate of allantois. During 
the later stage of develop- 
ment the growth of the all- 
antois ceases altogether and it 
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Fig. 112. The t\*o figures above arc further stages of 
figure 141 and show the gradual obliteration of the 
extra-embryonic ccelom by the extension of the 
amniotic cavity and the formation 
of the umbilical cord. 


, becomes obliterated, fragmented and ultimately disappears completely. 


t The amnion. It has already been stated that the ectodermal cells of the 
* i become condensed to form the embryonic disc which separates 

i iner aspect of the trophoblastic cells opposite the central part, but 

i :ed to the latter at its periphery. Thus, a cavity is formed between 

1 lisc and the inner layer of the trophoblastic cells which is known as 

l ity. The inner layer of the trophoblastic cells opposite the em- 

1 n differentiate into amniogenic cells. With the growth and extension 

< bryonic mesoderm, the amniogenic layer is gradually separated from 

the trophoblastic cells except at the region adjoining the caudal part of the em- 
bryonic disc where the amnion, the caudal end of the embryonic disc and the inner"* 
aspect of the chorion remain fused together. The fused caudal end of the - " 
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bryonic disc together with the amnion and the chorion now forms the body stalk 
which later on develops into the umbilical cord. 

As staled above the amnion remains connected to the periphery- of the em- 
bryonic disc which foims the floor of die amniotic cavity while its roof being formed 
by the amnion itself. With the growth of the embryonic disc and formation of the 
embryo, the line of attachment or the amnion moves to the ventral body wall and 
gradually becomes smaller until ultimately it bounds the umbilical region and the 
amnion forms an imestment foi the developing umbilical coid. Concuirently with 
the a bos e ilungis the amniotic cavity tapidly enlarges at the expense of the ex- 
it a-cm bryonic ra loin and ultimately completely obliterates the extra-embryonic 
co*lom cx( t pt close to the placental end of the coid whcic a narrow cleft exists ' 
between the latter and the vitelline duct. The amnion then blends with the 
mesodci m *>! the < horion and the two membranes arc fused to form a single layer. 

Stiuctmallv the amnion forms a thin, transparent non-vascular membrane 
which is composed of a single layer of ectodermal epithelium and is lined externally 
by l lie nicsodeim.il conncclnc tissue. 

The ariniuiic fluid. The amniotic cavity contains the amniotic fluid formed, at 
first, nihei by (iltrauon or by secietion from amningenic rclls, and lately, when the 
fatal kidney begins to function some of its urine is also added to it. The amniotic 
tasily to a closed sac except dining the early stage when it communicates with the 
yolk sac through notochordal or neurcntric canal. The total amniotic fluid at birth 
mcasmes about three pints in quantity. In some pregnancies this fluid may be' 
much reduced in amount giving rise to a condition known as oligoamnios. The ’ 
reduced quantity of the amniotic fluid may indicate either the absence of the func- 
tional kidney or obstruction in the urinary tract. It is known that during later 
part of pregnancy the amount of the amniotic fluid is reduced to some extent, and 
its reduction is substantiated by the fact that during later part of pregnancy the 
baby swallows some quantity of the amniotic fluid which is absorbed from tb 
intestine of the foetus and then circulates in the foetal blood and subsequently passe 
to the mother by way of the placenta. An incicasc in the amount of the fluid eithf' 
due to tm reused production or decrease in its absorption leads to a condition knOtft 
as the h)(trmnnios. 
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CHORIONIC VILLI AND EARLY PLACENTA 

The chorion, which consists of two layers, ectodermal troph oblast and 
primany extra-embryonic mes- 
oderm, undergoes rapid prolifera- secondary van 

tion to form a chorionic vesicle, attaching vaius 
At this stage the trophoblastic 


layer of the chorion is rapidly 
proliferating and can be divisible 
into two paits, outer plasmodilro- 
phoblast or syncytial layer, and inner 
cytotrophoblast. Owing to extre- 
mely rapid proliferation the cell- 
ular outline in the syncytial layer 
is no longer detectable' and the 
whole layer appears to be a pro- 
toplasmic mass with innumerable 
nuclei. As the syncytial layer 
proliferates it burrows through 
the maternal tissue and as a 
result, some of the maternal blood 
spaces become opened. Due to 
apid proliferation spaces are also 


’ j ncvthl"hv!*r nffi WWtoyo- known as the loam*. The lacuna: at 
' 1 la, a of die trophoblast is filled with maternal blood, which upto ' 
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stage, is a source of nutrition to the embryo and reaches it by the process of diffusion. 
Later on, simple circulator)' system develops within the embryo, the connecting 
stalk, the yolk sac and within the chorion. The changes that lead to the vascularisa- 
tion of the chorion result in the formation of the chorionic villi and are described 
below: 

(a) The cytotrophoblast or the inner layer of eelb of the trophoblast protrudes 
into the syncytial trabecula: in between its lacuna:. The core of cytotrophoblast 
within the syncytium is called the primary villus. The lacunte on either side of the 
primary villi become confluent with each other to form a continuous intervillous 
space which is filled with maternal blood. 

( b ) The mesodermal lining of the trophoblast follows the trophoblastic pro- 
trusions and forms a core of mesodermal tissue within the primary villi and thus 
gives rise to the formation of the secondary villi. The mesodermal core of the 
secondary villi then gives rise to the formation of arterio-capiflary-venous system 
within each villus and subsequently these circulatory systems within the villi are 
linked with the foetal heart by blood vessels growing in the mesenchyme of the 
connecting stalk and the inner aspect of the chorion. Now the villi with arterio- 
capillary-vcnous systems which have established connections with the fcetal heart 
arc called the tertiary or definitive villi. 



i The chorionic villi surround the whole circumference of the chorionic vesicle 
s but those opposite the decidua capsularis fail to develop properly due to lack of 
nutrition while those opposite the decidua basalis develop enormously in the presence 
1 of sufficient nutrition derived from the opened up maternal blood-spaces. At certain 
! points the cytotrophoblastic core penetrates through the syncytial mass and comesout 
jj of it to lie in direct contact with the maternal decidua and these columns of cells are 
[j called the trophoblastic shell. The trophoblastic shells are destined to anchor some of 
j the main villi into the maternal tissue and hence they are also called the anchoring 
a villi. Besides the anchoring villi there are numerous short-branched villi which 
j remain free and do not come into contact with the decidua. Except opposite the 
y anchoring areas the cytotrophoblast now forms a single layer of cells and intervenes 
^between the outer syncytial layer and the inner mesodermal core. This mode of 
•"structural arrangement of the villi exists up to the third month of fcetal life but from 
ti the fourth month onwards, of the two layers of the trophoblasts (cytotrophoblastic 
and syncytial layers) the cytotrophoblast begins to disappear, and from the fifth 
* month, it is the syncytial layer that only exists. The mesodermal core of the anchor- 
ing villi never penetrates through the covering cytotrophoblast and consequently, the 
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fatal blood vessels derived from the core, do not come into contact with the maternal 
deddua or the maternal blood. Thus it shows that the fatal blood or blood vessels 
are separated from the maternal blood or blood vessels by the intervening tropho- 
blastic layers. With the subsequent growth of the placenta, the distal portions of die 
anchoring villi and the proximal portions of their distal brandies become fused with 
the maternal deddua. This can be explained by the fact that the anchoring villi 
penetrate deep into the decidua away from the uterine cavity where it gives out its 
distal branches which project sidewards and then curve to project towards the 
uterine cavity into the maternal blood sinuses. Thus these distal branches of the 
anchoring villi will be seen to be projecting from the maternal side of the sinuses. 

With the further growth of the placenta the chorionic villi towards the decidua 
basalis become enlarged and branching and they form collectively what is known as 
the chonon frondosum while those opposite the decidua capsularis become degenerated 
and atrophied and as a result, the villi opposite the decidua capsularis presents 
smooth surface and are devoid of any blood vessels, and this part of the chorion is 
called the chorion late. 




THE PLACENTA. The placenta at term is an irregularly round organ which 
develops temporarily during pregnancy and is expelled out with the termination 
of the same (pregnancy). It is a spongy highly vascular body which is connected 
with the foetus by the umbilical cord and with the maternal tissue by villous process- 
es and is a specially designed organ of exchange between the mother and the feetw 
during intia-uterine life. 

Size. The size is \ariablc, and f rflvitX 

usually with large babies, the size be- 

comes comparatively larger. It me- /#»tl'lvV* H '" 0N 

axn res about 15 to 18 cm. in diameter jkj'* <! H 'h>Il®£ cmowW 

and m thirkncss, it is about l $ to 3 cm. PEDCU> 

in its thickest part, that is, opposite the 

central region of the organ. Towards _r . 

the periphery it becomes gradually 

Form. In form it is irregularly 

round in the normal condition, but de- rWitfill apljpa y v]r i 

pending on the site of its insertion on fort $ $11 fiSfiiiKm 

the uterus, it may assume any form. , *>§xf l r v < < r sfllSlf’Ti 

Weight. It weighs about 500 SO 1 j i* J wl I L > fSSy ) \ .JjpJSffljljJf j 

grams at full term and the ratio be- U 4 \ 

tween il and the fatus is 1 : 6. vW\\\ At \ 

Colour and consistence. It is dark- / Rl * ’' MjSf fy'y / 

red in colour and is of soft friable consis- 

Parts for examination. It consists of 
a fatal surface, a maternal surface and 

a circumferential border. . 

Ferial surface. The fatal surface is Fig. 145. A section through tbe'uterus with 4* j 
that surface of placenta in which the fetus and the placenta in position 

umbilical cord is inserted. It presents a smooth glistening appearance due toll* 
ainmon which forms a close investment over this surface. The amnion ca" ,1 
easily separated from this surface except close to the Wharton’s jelly*. Blood veS®“ 
spreading in all directions from the site of attachment of the cord can be s«S 
through the transparent amnion. Within a distance of about }* inch from » 
peripheral margin, the blood vessels arc not usually seen because the terminal h'js 
at this space pass deeper into the substance of the organ. On close imp* 00 ; 
small whitish-yellow spots of fibrous tissue can be seen to spread over this surfijd 
and thej* indicate the sites of formations of the white infarcts. The umbilical cord* 
i usually inserted into the centre of this surface but its attachment varies consider 3 ® 
troni case to case. 


.AMSION 

yXHOAlOM 




Fig. 145. A section through the uterus with j 
fatus and the placenta in position 
smooth idieteninir annearsnre due 10 the 
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Maternal surface. The maternal surface presents a rough lobulated appearance 
due to decidual septa dividing this surface into several lobes. The lobes are called 
cotyledons. This surface is co- 
vered by a thin greyish-white 
membrane which is formed by 
the substantia compacta of the 
decidua basalis. When the 
placenta comes out, the decidua 
compacta being adherent to the 
maternal surface of the pla- 
centa, separation takes place 
through the spongy layer of 
the decidua. 

Membranes. The bag of 
membrane that overhangs from 
the placenta usually goes by the 
name “membranes”. It is for- 
med by the chorion lrevc and 
amnion. The outer layer is 
formed by the chorion which 
is thicker, opaque and friable 
and on its maternal surface the 
decidua vera and capsularis are 
attached. The inner .layer is 
formed by the amnion which 
is tough and transparent. The 1 *5 N6 - rcclal surface of a normal placenta, 

membrane presents an opening through which the baby made its way out and this 
opening normally is about 10 cm. from the margin of the placenta. In case of lower 

insertion of the cord this distance is 
proportionately reduced. Thus in pla- 
centa previa this distance is con- 
siderably reduced. 

Developmental anomalies: (A) 

Anomaly or form. Depending on the 
site of embedding of the fertilised ovum 
in the uterus the form and shape of the 
placenta may be considerably altered. 
Thus when it is attached close to the 
lateral angle of the uterus, the decidua 
being comparatively thin in this part, 
the placental attachment spreads out 
either in the fundus or in the body 
or to both and thereby these ex- 
tensions of attachment reflect on the 
character of individual lobes. Simi- 
larly if the ovum is attached lower 
down in the lower uterine segment 
the placenta may cover an wide; area 
of attachment. Pathological growth 
of fibrous tissue within the placenta 
Fig. 147. Maternal surface of a normal placenta. may also split it into lobes. The 
| following are the usual anomalies in the form of the placenta : 

, (1) Placenta membranacea. It is membrane-like and acquires an wider area of 

j attachment. 

i (2) Placenta succenturiata. This is a form of placenta where the main placental 
x mass is connected with a small separate accessory placental mn$«~hy 

^ a pedicle of blood vessels. 
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(3) Placenta spuria. This form of placenta differs from the above in that 
the accessory placental mass is connected with the main mass by a mem- 
brane and not by a pedicle of blood vessels. 

(4) Bilcbed placenta or placenta bi-partita. Having two lobes. 

(5) Trilobed placenta. Having three lobes. 

(G) Horse-shoe placenta. Having die shape of a horse-shoe. 

(D) Anomaly of Attach- 
ment of the Umbilical Cord. 

Normally the umbilical cord is 
attached to the centie of the 
foetal surface of the placenta. 

The following anomalies arc 
usually noticed 


(ij Marginal insertion. In- 
stead of being attached 
in the centre, the cord 
mav be attached to the 
margin This form of 
placenta u ith marginal 
attachment of the cord 
is tailed the battledore 
plarct'la 

(2) Velament'ius insertion of 



Fig. 148. Placenta bl-parn la. 

(hr cord In this the cord is attached to the membrane adjacent to the 
plat i nta 

Strwluie of Placenta. A section through placenta is seen to consist of amni"' 1 
and Choi ion externally towards the foetal surface) and the compact layer of the 

decidua internally (towards the 



the maternal surface). I» 
tween these two layers it consuls 
of continuous blood-spaces 
mining innumerable red 
corpuscles in wltich island* w 
divided facia! villi and fibrous 
trabeculae of various shapes" 

size arc seen to project, car 

villus consists of a core of jT'b’ 
like connective tissue (» v “ a 

ton’s jelly) which Is surround^ 

by a syncytial layer of r P‘. 
Hum. In the Whartons jcg 
blood vessels may be presen 
the form of arterioles, venU 
or capillaries. 


Thcenta succenturiata. 

Junction. oC Placenta. It servo as the ejtlernal ropiratory organ for * 

rf. 


fret i is 

the fSS mater ‘ ab ° r thc maternaI blood pass through it into the blood stream 


ii ,‘ he . Wastc .Products of thc fatal blood into the maternal blood 

in such Infections^ 383,031 mfection of some diseases and thus protects the W* 

two ovar ‘ an hormones namely, cestrozen and progesterone, 
partiy a. S 






1 


rig 150. Velamentom insertion of the cord. Hg 151. liatilrdarr placenta. 

Permeability of Placenta in Man. Nutritive Element. Maternal blood 
sugar level is higher than that of the foetus and it passes unaltered through the 
placenta into the foetus. Protein molecules cannot pass through the placental 
barrier to the foetus. Amino-acids concentration of fcetal blood is however higher 
than that of the maternal blood and the foetus builds its proteins from the amino- 
I acids. It is not definitely known about the means of transfer. Phospholipoids 
- and cholesterol pass through the placenta unchanged to the feetus. 

' Minerals and I'ttamins. Soluble minerals and vitamins usually pass through the 
r placenta unchanged. The mode of iron absorption is however different. The 
} R. B. G’s of maternal blood undergo haunolysis in the placenta by the activity 
• of the trophoblastic cells and the product of disintegrated hxmoglobin arc 
t transmitted through the placenta to the foetus in which the hscmopoictic tissues 
■ rc-synthcsizethem into luemojrlobin. 

Antitoxins , Antibodies and Hormones. Antitoxins and agglutinins such as Rh-nnti- 
' bodies pass through the placenta. Maternal hormones such as thyroxin, insulin 
4 and cestrogens are transmitted to the foetus. 

i Drugs. Most of the organic substances, anesthetics, barbiturates, morphine 
f and related alkaloids, sulphonamides and penicillin pass through the placenta to 
f the foetal blood. 

THE UMBILICAL CORD. The body sta lk, for rned by the fusion _ of the 
caudal end of the embryonic disc, the amnion and the chorion, gives ri se to the for- 


mation of the um 
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which the umbilical vessels, the vite lline duct^ djh^ajl anto-cnteric div erticulum 
~ disaupcars^rnTno rmally during mid-pregnancy the 

M i t I'l niTr~f 1 1 1 r T with its vessels Ole rnr.rosrri extra -embryonic ccclom ol the cord 

al?o~dis5ppcSfT ntcexira-crnbryo- 

nic portion ol the allan toiytlis appcan 
at^'iTi ncrnr%?hitc~nrTi)tra ^embryo- 
nic porti pn_ibniis th e r^/mx j.vhic)i 
extends irom~t Iic apes of the bladder 
to thtTumblllcUs. 

DUrTng ~thc early embryonic life 

the umbilical cord is very sTjo rQiut 
d uring thtrlatcr U l5rTUIgIwg atg 
rapidly to a~considcrablc exte nt. At 
birth its average lcngtfT is a bout 2u 
Inclic s but iT ttuiy va ry from four to 
sixtyTneKo! A U)o~shcrrr~ rord may 
cauT e^atTinjcutt labour IV hile too 
long n_ rorri may caus e_pr6T5pse-ofthc 
same or i t_mav cncirde~TotU id - the 
neck of the fectus. 

MOUTH, NASAL CAVITY AND 
PALATE 



1 ir 152 SaRiital view of a reconstruction of the 
umbilical region of a human cmbr>o 5 - 5 cm. 
in length (after Callen). 

With Kind permission from Callander : Surgical 
Anaio.i.., 2nd ed 1039. tV B Saunders Com* 
put) , 1’1 ihdclphia anil London. 


The earliest rudiment of the 
mouth is an ectodermal pit known 
as the slomodrum, oral pit or the 
primitive mouth which intervenes 
between the overhanging forebram 
and the pericardial swelling. Above the margin of the primitive mouth at tw* 
stage, on c.thcr side of the median plane, proliferation of the ectoderm ( rc5 “": 
m a co"\e' ectodermal thickening known as the nasal placodes. Subsequently, > 
visceral arches appear, and during late somite stage, they grow up considerably to 
intervene between the pericardial swelling and the primitive mouth. The ats 
visccrai ot the mandibular arch becomes more prominent than the others, come* 
lie on the floor of the growing stomodieum and from its dorsal end it gives out to 
maxillary process which lies below the optic vesicle and grows out ventro-media 
to form the lateral boundary of the stomodxum. The mesodermal tissue betwc 
the stomodzeal ectoderm and the growing forebrain grows down considerably 
a median process known as the fronto-nasal process which now forms the roof of 
growing stomodteum. Thus, during late somite stage, the stomodxum is seen to 
bounded above by the fronto-nasal process, below by the mandibular arch and ° 
either side by the maxillary process. At this stage the foregut divcrticulutn y 
considerably extended cranialwards and its cranial end comes to lie in apposiua- 
with the deep part of the oral pit which is separated from the former by a xnenibras 
known as the buccopharyngeal membrane. Trom the roof of the oral pit, just in » 
of the buccopharyngeal membrane, an ectodermal diverticulum extends crania* , 
to the hinder aspect of the forebrain and this diverticulum is called the 
pouch from which, subsequently, the glandular part of the pituitary body « de* 
loped. At about 20 somite stage the buccopharyngeal membrane ruptures 
the foregut entoderm becomes continuous with the ectoderm of the stotnodxa-" 
and thus the foregut is communicated to the oral pit. . . , 

With further growth, a localised pit, the olfactory pit appears on each of 
nasal placodes due to invagination of the thickened ectoderm. The olfactory pit 
^ enlarges and extends into the stomoda:al margin and opens into the stomoda# 1 F 
Thus the fronto-nasal process, which formed the upper boundary of the stomodsv 
subdivided into lateral and medial nasal folds or processes by the olfactory F 
..n each side of the median plane. The two medial nasal folds or processes, one 
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each side of a median depression, are continuous with each other, and seen together, 
they form as if a median process on either side of which there lies the corresponding 
olfactory pit. The caudal end of each of the medial nasal process becomes globular 
and is known as th c globular process. With further growth both the lateral and medial 
nasal processes gain in bulk and the growing maxillary process projects ventro- 
medially across the open end of the olfactory pit and divides the latter into 
anterior and posterior primitive nares. The maxillary process then extends further 
medially and joins with the globular process and thus the upper margin of the outer 
opening of the oral pit is completed and the olfactory pit is isolated from the 
stomodsEal margin. According to some authority the maxillary process not only 
joins with the medial nasal process but it crosses superficially its lower part to 
meet the fellow of its opposite side in the median plane. The lower deep por- 
tion of the globular process on either side then grows out dorso-laterally caudal to 
the posterior nare and forms the primitive palate. The nasal pits now have be- 
come primitive nasal cavities which are separated from each other by the deep 
aspect of the globular processes which form the primitive nasal septum. 



1'ig. 153. Development of human face. 



Fig. 154. De\ elopment of human face. 
A further itage of figure 153. 


With further growth the primitive nasal cavities extend dorso-cranially and the 
primitive nasal septum is compressed between the extending nasal cavities to form a 
thinned out partition, the definitive nasal septum whose caudal free border lies in 
contact with the dorsum of the developing tongue. The nasal cavities are now 
separated from each other by the definitive nasal septum but their floor, except in 
the region of the primitive palate, remains open on the roof of the mouth. Sub- 
sequently the mesoderm of the maxillary process forms two shelf-like projections, 
one on each side, known as the palatal processes which at first lie in the same 
level with the tongue and come to lie in contact with its margins. Later on with 
further growth, the mandibular arch being moved in the caudal direction, the 
developing tongue is also carried caudally along with it and the palatal processes 
are freed and they come to lie on a higher level than the tongue. Subsequently, 
the palatal processes grow transversely imvards until they meet and fuse together in 
the median plane, the fusion usually taking place from before backwards. Vcntrally 
they fuse with the primitive palate and cranially they fuse with the ventral J of the 
free edge of the nasal septum in the median plane; the remaining J of the dorsal 
part of the nasal septum forms the posterior free border of the nasal septum. Sub- 
, gT, sequently, each palatal process grows dorsally along the side wall of the pharynx 
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an d then medial* ards to meet and fuse with the fellow of its opposite side in 
the median plane and thus the soft palate and the uvula arc formed, With the 
formation of the palate the slomoduscm which communicates dorsal! y with the 
1 primitive pharynx is divided 



into upper nasal cavities and 
lower buccal cavity, botli of 
which communicate dorsally 
with the pharynx. 

Parts derived from the 
primitive stomodaenm. 

The primitive stomodxum "u 
an ectodermal pit which inter- 
venes between the overhang- ' 
mg forebrain and the pericar- 
dial swelling. Until fifth week 
of fcetal life it is separated from 
the primitive pharynx by the 
buccopharyngeal membrane 
and in front of the dorsal mar- 
gin of the membrane the 
stomodxal ectoderm sends out 
an evagination upwards and 
backwards into the hinder pan 
of the forebrain known as the 
Ralhke's pouch from which sub- 
sequently the glandtitoc part 
of the pituitary body is devc- 


loped. Thus the dorsal boundary of the stomodeeum is formed by the bucc- 
opharyngeal membrane which separates it from the primitive pharjnx 
and consequently all the structures developed in front of this membrane arc 
derivatives of the stomodeeum. In addition to Ralhke's pouch , lips^U efh, ha s* 
palate and anterior pari of the soft palate develop in front of the buccopharyngeal 
membrane and consequently they arc derivatives of the stomodxum. To sum* 
manse, the glandular part of the pituitary body, lips, teeth, hard palate and the 
anterior pan of the soft palate arc derived from the stomodscum. 

Structures derived from the medial nasal processes. It has already 
been statrd that the medial nasal processes together form a central process 
cithci side of which 


there lies the correspond- 
ing nasal aperture. They 
arc separated from each 
other by a median groove 
which gradually deepens 
caudally. On either side 
of the median plane each 
medial nasal process be- 
comes globular to form 
the globular process which 
diverges from each other 
caudally. If we divide 
each globular process into 
three rones, the superfi- 
cial one is seen to form 
the philtrum, the deep 
tc, the nasal septum and 



fig. 156. Roof of the mouth cavity to 
mu., in u luui septum ana rtuw the deidopmcnt of the palate, 

the premaxillary part of the hard palate, and the intermediate one, forms the 
-.art ol the prcmaxilla carrying the medial incisors (lateral j>ortion of the P** 
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maxilla being derived from the maxillary process). Given below are the structures 
derived from the medial nasal processes. 

^yl. Premaxilla cairying the two medial incisors. 

2. Premaxillary part of hard palate. 

3. Nasal septum. 

4. Philtrum including the frenum of the upper lip. (According to some only 
the deep pait of the philtrum is formed from the medial nasal processes). 

Vessels and nerves associated with medial nasal processes. The vessels supplying the 
medial nasal processes are the sphenopalatine and the anterior ethmoidal, and the 
nerves are nasal and sphenopalatine. 

Parts derived from the lateral nasal process. The following structures 
are formed in the cartilage of the lateral nasal process : 

/"(l) The cribriform plate and the lateral mass of the ethmoid. 

(2) Inferior nasal concha. 

(3) Superior portion of the body of the maxilla including the fiontal process. 

(4) Lacrimal and the nasal bones. 

(5) The lateral cartilage of the nose and a part of the alar cartilage of the 
nasal septum. 

Vessels and nerves associated with the process. The vessels of the lateral nasal 
process are the anterior ethmoidal and descending palatine. 

The nerves are derived from the Mericel’s ganglion, descending palatine and 
the nasal nerves. 



S Tig. 157. Ventral aspect of the developing pharyngeal region. 

^Parts derived from the maxillary process. The following parts arc 
:rivcd from each maxillary process : 

Bones. Part of the body of the maxilla and its alveolar process, lateral part of 
•cmaxilla, hard palate except the premaxillary part, zygomatic process of the 
mporal bone, zygomatic bone, mediaj pterygoid lamina^ and the perpendicular 
ate of the palatine and the greater wing of the sphenoid (the last three being 
srived from the palatoquadrate bar). 

. Soft parts. Upper lip including the superficial portion of the philtrum (accord- 
ig to some, upper lip except the philtrum), muscles of the cheek and soft palate. 

Vessels and nerves. The internal maxillary artery is the main vessel while the 
xond division of the fifth nerve (Maxillary) is the main nerve. 

Floor of the mouth. The ventral ends of the pharyngeal arches and grooves 
ass towards the median plane and the first and the second arches meet with the fellow 
of their opposite side in the median plane. A median eminence, the tuberculutn impar 
J soon appears caudal to the fused anterior end of the .first pharyngeal arches. The 
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second pharyngeal arch of one side becomes continuous with the fellow ofits opposite 
side in the median plane and forms a continuous arch. Another median eminence, 
the hypobranchtal eminence intervenes between the anteroir ends of the third and 
the fourth pharyngeal arches and consequently they do not meet m the median 
plane. Caudal to the hypobrancliial eminence, a groove, the laryngotracheal groove, 
soon appears and intervenes between the anterior ends of the rudimentary sixth, 
pharyngeal arches. The fifth pharyngeal arches have disappeared by this tunc. 
The portion of the fore-gut that lies caudal to the laryngotracheal groove forms 
"the ptimiir* usnphagus .... , , , 

Thus it is evident that the floor of the buccal cavity, which is covered by beta 
ectoderm and rntodmn, is formed by contributions from the first to the fourth 
pharyngeal arches, and the entoderm of the buccal floor together with the associated 
ecutdei in and mesoderm gives origin to the tongue, epiglottis and the sublingual aid 
submandibular eattcar) glar.de. For details see individual organs.. The stomodxal 
ectoderm ,md the entoderm of the fore-gut arc so intermingled in the floor of the 
buccal cavity that a clear cut demarcation between the two is not manifested well 
but roughly in the adult the line corresponds to the line of junction between the 
mandibular gum and the floor of the mouth. In other words, the floor of the adult 
buu.il cavity has cntodermal lining while the mandibular teeth and die area in 
front of it lias ectodermal lining and this is substantiated by the fact that the 
enamel of the teeth is of ectodermal origin. 


Lips, checks and gums. As is known the first pharyngeal or the mandibii' 
hr arch ends tramally in a free arched border. An arched groove, the lahio-dem 
groove, opoears on this fiee edge of the mandibular arch and subdivides it into ven* 
tral and dm sal portions. Another parallel deeper groove, the Unguo-dental groove. 
appears on the dorsal portion. The portion of the mandibular arch ventral to the 
labiodental groove gives origin to the lower lip, the portion in between the hbio 
dental and linguodcntal grooves to mandibular gums and the teeth, and the porUO’ 
dorsal to the linguo-dcmal groove contributes to the formation of the tongue. Tn 
latnal portions of the upper lip are formed similarly from the free lower edge of 
maxillary process while its central part is formed by the lower part of the globus 
process According to Frarer and Boyd the deep portion of the philturm is formed b; 
the lower part of the globular process while its superficial portion is formed by u" 
fused anterior ends of the maxillary processes which cross in front of the fronto-iwSJ 
process. Another view holds that the philtrum is formed by the excessive pH* 
fcration of the mesoderm derived from the anterior end of the maxillary pH** 1 
on either side of the median plane. The musculature of both upper and lower UP 
is formed by the second arch mesoderm and consequently it is supplied by the set cr.^ 
nerve. The cheek is formed by progressive fusion of the upper border of the 
llary process with the infcro-latcral border of the lateral nasal process. Thecas- 11 
of the cheek, that is, the buccinator is formed by the mesoderm of the second phar) r 
gcal arch and consequently it is also supplied by the seventh nerve. 

Congenital anomalies affecting the lip. The Fusion between the SU P°^ 
cial portion of the maxillary' process and the lower end of the globular process 
be incomplete or partially complete giving rise to different forms of hare or cUJtV 
which is often associated with cleft palate. A mid-line hare-lip or true hare lip Bijb ^ 
found due to faulty growth of the lower part of the globular process, lateral a*' 
lip which is more common is due to failure of fusion of the mxxiUary process 
the globular process and may be cither unilateral or bilateral. Oblique facial 
may result from complete failure of union of the maxillary process with the 
margin of the lateral nasal process. 


ir r anoI ” a !i.s afTrctlng the palate. CUflpalau. The paht.il > i " 

» 11 j.™' , arv process of one side fuses with the fellow of its opposite 

Uic median plane, and anteriorly, they fuse with the primitive palate forrne 
the deep portion of the globular process. The line of fusion is represented 
1 •shaped outline, the limbs of the Y embracing the two premaxill*. ^ 
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grades of failure of fusion may occur giving rise to different forms of cleft palate, 
Depending on the degree, cleft palate may be either complete or incomplete which 
may be cither unilateral or bilateral. 

Incomplete cleft palate. In this the cleft may affect only the uvula — bifid uvula 
or it may extend to the soft palate as well as to the hard palate. 

Complete cleft palate. In complete bilateral cleft palate the cleft is represented 
by a Y-shaped fissure, the stem of the Y lies posteriorly while its limbs pass along the 
sides of the premaxillx and this type of anomaly is usually accompanied by bilateral 
cleft lip. In the unilateral variety the deft affects only one side and extends from 
the lateral margin of the premaxilla upto the uvula and is usually associated with 
unilateral cleft lip. 

Anomalies affecting the cheek. Oblique facial cleft usually results when 
the maxillary process fails to fuse with the lateral nasal process. When the maxi- 
llary’ process fails to unite with the mandibular process there is a deep fissure 
across the cheek from the region of the ear to the angle of the mouth — Macrostoma. 
This may be cither unilateral or bilateral and the extent may vary in degree. 

When the fusion between the maxillary and the mandibular processes is too 
if advanced the oral aperture becomes too small and the condition is known as 
ticrostoma. 

Anomalies affecting the lower jaw. The lower jaw may also be deft 
luc to failure of fusion between two halves of the body of the mandible, 
’his may be rudimentary — microganthia or it may be absent altogether — Aganthia. 

Anomalies affecting the nose. There may be complete absence of the 
osc or there may be double nose on each side or theie may be absence of the 
nterior nasal aperture. 

DIFFERENTIATION OF ALIMENTARY TRACT 


With the differentiation of the head and the tail folds the secondary yolk-sac 
cts partially incorporated within the rapidly growing embryo and its two ends, 
audal and cephalic, are drawn 
part into prolongations or diver- 
icula within the head and the tail 
aids. The portion induded with- 
n the head fold is called the fore - 
Vi, that within the tail fold is call- 
:d the hind-gut and the remaining 
>ortion that intervenes between 
hem is called the mid-gut. 

The Fore-gut. It has al- 
ready been said that with the 
dongation of the embryonic plate 
here is ’alteration in the disposi- 
:ion of the pericardial and the 
auccopharyngeal areas resulting 
in the formation of head and tail 
bids. The fore-gut is formed as 
in elongated recess of the secon- 
dary yolk-sac lying within the 
aead fold and it is situated be- 
tween the notochord dorsally and 
-.he pericardial region ventrally. The notochord intervenes between it and the 
•’cural tube. Cranially the fore-gut ends at the bucco-pharyngeal membrane and 
‘fy£audally it is continuous with that portion of the secondary yolk-sac which later on 
^differentiates into the mid-gut. The portion of the fore-gut which lies dorsal to 
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158. The developing umbilical cord 
and the gut tube. 
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the pericardium and is bounded on either side by the ctelomic cavity, constitutes 
the pnnilhe esophagus; die portion extending into the head fold above the peti- 
rardial region constitutes the primitue pharynx; as the head fold is bent over tSf 
pericardium the latter as tually forms the floor of the primitive pharynx; its roof lies 
related to that portion of the neural canal which forms the hind brain, the noto- 
chord and the paraxial mesoderm intervening between the two. 


The primitive pharynx. In contrast to the primitive oesophagus the prinu* 
me pharvnx has no t celomic cavity on either side of it and as such, the ento* 
dermal lining of the pnrmtive pharynx is bounded on ei liter side by the lateral plate 
mesoderm whitli is '•ovtrid txtcrnallj by theectoderm. The intervening mesoderm 
subsequent! \ gives use to the formation of a series of thickenings knmvn as tfs 
pharyngeal archn which insinuate themselves between the pharyngeal region and th 
pericardium and thus allowing independent growth of the region. 

7 he exterior oj ihe fmmitne pharjnx. The exterior of the primitive pharynx i 
clothed by a laser uf ectodermal tissue and is marked by ridges produced by ft 


pharyngeal jrthn and by thr grooves Ij'ingin between them. With growth thee 
tcrnal phaivn^ral grooves and arches are extensively modified and are describ« 


tcrnal phaivngral grooves 
as follows. 


Fait oj external phar) ngral grooies. T he first e xternal pharyngeal groove, wbid 
intervenes txiw'xn the first and the second pharyngeal atthes, disuppenmins'itj 
murrlv by extension of giowth from the contiguous arclies except at its dorsal ca. 
wlinc it forms the rudiment of the external auditory meatus. As the pharynge* 
art lies show marked variation in growth activity the fate of the other externa 
1 ilmiyngral giooves is guided by the said varied growth activity. The fust and 
the second nhar\ngcal arches grow up disproportionately than the rest of the arena 
whirli iwuailv reredc. The caudal portion of the second pharyngeal arch grows daw 
os a process which overhangs the remaining pharyngeal arches and grooves and i M 
a result, an ectodermal recess is formed known as the cervical sinus which is bound™ 
extern.illv in the down-growth from the second pharyngeal arch, and internally, 
by the stumd, third and tiic fourth external pharyngeal grooves and by the reccdftl 
third and the fourth pharyngeal arches. Cranially the highest limit of the dnttf * 
formed by the angle of junction of the second external pharyngeal groove and ft' 
down-growth from the second pharyngeal arch. Q audally the sinus_«ilLg »B‘yr 
nica tes with the cx lcaQLj>Y_n . narrow passage lOTown as the cervical duct. \£L' 
r ‘ - - - ‘ ' ' 'iterated and" theccrvical "sinus becoiw#* 
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,c£. called the pharyngeal pouches or lateral pouches. The intervening ti ssue betw een two 
adjacent pharyngeal arches separates the interiorof the primitive pharynx from the 
exterior and isknown as'the separating membrane or "cleJl~membrarie”’.' :=: R f^ftrsT'tRe 
separating membTanFlrfonned't^rtire'ectffdefm'extefna I tylihdlh'e entoderm inter- 
nally together with a thin layer of mesoderm intervening between the two. Later 
on the Intervening mesoderm disappears and the separating membrane is formed by 
the ectoderm and the entoderm only. 

They vary in size from before backwards and thus the mandibular arch is the 
largest of all, the hyoid or the second pharyngeal arch, although very much large 
at one time, comes next in order, while the succeeding arches gradually diminish in 
size. Each arch is provided with an artery, a nerve, a muscle rudiment and a 
skeletal bar which supports it. 

The mesoderm o£ each arch forms the muscular elements as well as the 
skeletal element of the arch which is cartilaginous. The first or the mandibular arch 
is well formed and complete and its cartilaginous bar is known as MeckeVs cartilage 
from which, later on, the mandible and other skeletal elements develop; the second 
and the third arches are partly cartilaginous and give rise to the hyoid bone and 
other skeletal elements while the skeletal elements of the fourth and the fifth 
arches, which are cartilaginous only at their ventral ends give rise to the formation 
of the laryngeal cartilages. The arteries of the arches are formed by the aortic 
arches connecting the dorsal and the ventral aorta:. The chart on page 120 
shows the structures derived from the individual arch, and the muscles, vessels and 
'the nerves associated with the arches individually. 

The interior of the primitive pharynx. It has already been stated that the interior 
’of the primitive pharynx forms pouch-like depressions in between the pharyngeal 
'arches on either side and are known as the pharyngeal pouches. As growth proceeds 
'the pharyngeal pouches give rise to the formation of a series of structures enumc- 
Jrated below chronologically : (See also the accompanying table on page 126-120.) 

* First pharyngeal pouch. The first pharyngeal groove lies between the mandibular 
‘’and hyoid arches. Its ventral part becomes obliterated with the formation of the 
ftongue. Its dorsal part together 
('with the adjoining portion of 
?thc second pharyngeal pouch 
'forms the tubo-tympanic recess 
■which gives rise to the forma- 
tion of the pharyngo-tyropanic 
Jtube, middle ear and the inner 
flayer of the tympanic mem- 
brane. 

it Second pharyngeal pouch. It 
f>ies between the second and the 
0 |hird pharyngeal arches. Its 
Kyentral portion also gets obli- 
terated with the formation of 
pS^he tongue. Its dorsal portion 
jtorms part of the tubo-tympanic 
Recess and the palatine tonsil, 
ts lateral portion persists as 
pharyngeal wall. The ventral 
9 portion of its dorsal end on 
Either side, becomes separated 
ifyom the ectoderm, and the 
pMcft left between the entodcr- 

lal proliferation and the ectoderm, forms the tonsillar fossa. The connective 
jj/ssuc of the tonsillar fossa later on becomes integrated into tonsils. ,**■*■- 

fhfi Third pharyngeal pouch. It lies between the third and the fourth pb ,• 

-ches. It gives out bilateral diverticula which later on separate from it and" 

s 

I# 



Fig. 159. The pharyngeal poueba. 
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the bilateral rudiment of the inferior parathyroid and the thymus glands. The bila- 
teral rudiments of the thymus later on fuse together to form the thymus gland proper. 

Fourth pharyngeal pouch. The dorsal portion of the fourth pharyngeal pouch 
differentiates into a solid entodermal growth which later on becomes detached 
from the pharyngeal wall and forms the superior parathyroid of the adult. The 
ventral portion of this pouch develops into the latral lobe of the thyroid gland. 

Fifth pharyngeal pouch. Tills forms a small entodermal diverticulum from the 
pharynx and lies behind the fourth pouch. With further development it usually 
disappears but sometimes it persists as ultimobranchial body or cyst which is closely 
related to the inferior pole of the thyroid. 

In addition to the pharyngeal pouches on the lateral walls, the primitive pharynx 
also presents some features of interest on its ventral wall and the roof. 

The ventral wall or the floor of the primitive pharynx presents the following 
features : 

The first pharyngeal arch or the mandibular arch unites with the fellow of its 
opposite side at the median plane and the union or the two is marked by an inverted 
A -shaped groove and enclosing between its two limbs is a small nodular growth 
known as the tuberculum impar. Just caudal to the tuberculum impar opposite the 
median plane the ventral wall sends out a diverticulum, the thyroid bud, from which 
the isthmus and part of the lateral lobe of the thyroid gland develop during 
later periods. The second pharyngeal arches are continuous with each other 
opposite the median plane. The third and the fourth pharyngeal arches do 
not meet with their fellows in the median plane but their ventral ends meet 
at a median eminence known as the hypobranchial eminence. The fifth arch is almost 
indiscernible. Immediately caudal to the hypobranchial eminence is a sagittal slit 
which forms the primitive lung diverticulum. Immediately caudal to the lung diverticu- 
lum the more constricted portion of the fore-gut marks the commencement of the 
primitive oesophagus. 

The dorsal wall or the roof of the primitive pharynx extends as far as the Rathke’s 
pouch, an ectodermal diverticulum from the primitive mouth and is limited in front 
by the dorsal attachment of the bucco-pharyngeal membrane. It forms a diverti- 
culum, Scessel’s pouch, which gives rise to the pharyngeal bursa, a depression around 
which the pharyngeal tonsil which lies in the nasal part of the pharynx. 

Development ofJh eJh\Toid eland. The thyroid gland develops Prom the median 
thyroiaHivexUculum, derived from the ventral aspect of the primitive pharynx 
JuSrcauHal to the tuberculum impar, as well as from the ventral ends of the fourth 
pharyngeal pouches. For details, see thyroid gland. 

The foregut below the primitive pharynx. The loregut bcl'ow the pri- 
mitive pharynx develops into cesophagus, stomach, duodenum (up to the attachment 
of the common bile duct), the liver and its excretory apparatus, and the pancreas. 

The cesophagus. The constricted portion of the foregut that lies cranial and 
dorsal to the septum transversum and in between the two limbs of the fl-shaped 
ccelomic cavity, gives rise to the formation of the cesophagus. At this stage it is 
connected to the posterior body wall opposite the median plane by a membranous 
mesodermal fold known as the meso-cesophagus which is continuous caudaliy with 
the dorsal mesogastrium, and ventrally, it still remains connected with the septum 
transversum. At the caudal part of the dorsal region of the septum transversum the 
cesophagus is continuous -with the more dilated part of the foregut, the stomach. 

The stomach. The dilated portion of the foregut dorso-caudal to the septum 
transversum results in the formation of the stomach which is suspended from the dor- 
sal wall by the dorsal mesogastrium. Ventrally, during the earlier part of development, 
both the oesophagus and the stomach are directly connected to the septum transver- 
sum, and below this attachment the gut tube opens into the yolk sac. Subsequent- 
ly the stomach and the oesophagus draw out the septum transversum in the form 
of a thinned out lamina which connects the septum transversum ventrally with 
the stomach and the oesophagus. This thinned out fold Is called the ventral 

9 
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mesogflslruim. Thus, caudatly, the ventral mesogastrium extends up. to the caudal 
limit of the septum tranr/ersum beyond which the gut tube is in direct com- 
munication with the yolk sac which forms the mid-gut. . 

At first the stomach which simply forms a dilated tube, is held vertically opposite 
the median plane by the dorsal and the ventral mesogastria ; at this stage its 
borders are ventral and dorsal, and its surfaces are right and the left, and there is no 
differentiation of its different parts as well as no differentiation of the duodenum 
from it. Subsequently its dorsal border grows more than its ventral border and as 
a result, its dorsal border becomes elongated and convex and at the same time the 
cranial part of this border forms a dome-shaped bulging — the fundus of the stomach. 



Fig. tGO The developing digestive tube with the structures that develop from it {Diagrammatic 

Concurrently with these changes two recesses, pneumo-enteric and the bursa omenta 
appear within the dorsal mesogastrium. The pncumO-enteric recess asccn 
cramally on the right side and intervenes between the right edge of the osopkqf 
and the right lung-bud. The second recess, known as the bursa omcniatis, exteni 
gradually on the left side and together with it carries the stomach to the left of 
median plane and as a result, the stomach rotates to the left which brings about 
change in its disposition in which its right surface comes to lie dorsally ventral 1 
the omental bursa, whereas its left surface comes to lie vcntrally. Mcanvdu 
further growth results in the differentiation of the pyloric portion and the duodenum 

As a result of rotation of the stomach to the left side the duodenum also 
a change in its disposition; and because of its having a short, rudimentary dots 
mesentery it is permitted to have a very short range of movement and conseq“ cQt 
it comes to lie on the dorsal wall. 

The £.iver. At the caudal end of the ventral mesogastrium the fore-gut tub 
sends out a hollow diverticulum within the septum transvemtm which subsequent 
develops into the liver. The position of the liver diverticulum marks the tertnin»“° 
of the fore-gut beyond which the mid-gut commences. Tor details see discnpW 
of the liver. 

The Pancreas. The pancreas develops from a dorsal and a ventral bad. ^ 
dorsal bud comes out from the fore-gut dorso-cranial to the hepatic bud where®* "! 
ventral bud comes out from the right side of the hepatic bud proper. Tor 
"’sec the description of the pancreas. i - 
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rip. 161. Rotation of the pm — first stage. 


THE MID-GUT AND THE HIND-GUT 

The mid-gut. The mid-gut commences as a direct continuation of the fore- 
gut from below the level of the opening of the common bile duct into the second 
part of the duo- 
denum and ends 
in the hind-gut 
at the junction 
or the middle 
and the left-third 
of the transverse 
colon. Titus it is 
found that part 
of die duodenum 
(from below the 
opening of die 
common bile du- 
ct), jejunum, 
ileum, caecum, 
vermiform ap- 
pendix, ascend- 
ing colon and 
greater part of 
the transverse co- 
lon are derived 
from the mid-gut 
loop. 

The mid-gut loop during the earlier part of development is formed most y by 
the yolk-sac. Later on, with growth of die embryo and the mid-gut loop, the latte 

forms a fl-shaped loop which together 
with its mesentery still lies in the sa- 
gittal plane having its convexity ven- 
tralward. At this stage die yolk-sac 
is much reduced in size and it remains 
connected with the apex of the 
n-shaped mid-gut loop by a narrow 
passage of communication known as 
the r ilello-inlestinal duct. The vitelline 
artery which later on becomes the 
superior mesenteric artery, in its 
course from the dorsal aorta passes 
in between the two limbs of the 
n-shaped loop, sending out branches 
to both the segments and thus divides 
the segments of die H-shaped loop into 
cranial or pre-arlerial segment and caudal 
or post-arterial segment. The pre-artenal 
segment is destined to form the smalt 
intestine whereas the post-arterial seg- 
ment is destined to form the large 
intestine. Subsequently, during the fifth 
week of fetal life when the available 
space within the c celomic cavity is 
almost entirely occupied by the rapidly 
growing liver and the mesonephros the 
segment, also grows rapidly and due to 
the growing mid-gut loop is herniated 
bilical sac forming a temporary physiolo- 
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gical hernia. With further growth the gut loops rotate anti-clock-wisely with the 
following sequence of events. 

Rotation of the gut. The rotation of the gut commences during the fifth week of 
feeta! life and continues till the eleventh week and finally they are fixed in position 
and the process of fixation commences from the eleventh week and continues -until 
shortly after birth of the feetus. Thus the process of rotation of the gut can be split 
into two stages (t) stage of rotation and (it) stage of fixation. For convenience the 
stage of rotatton is further split into first and second stages. 

first sta«e of rotation This stage begins during the fifth week of foetal life and 
continues till tenth week when the herniated loop still lies within the umbilical 
cord. 

Just before rotation the pre-arterial segment of the fl'Shapcd loop grows out of 
proportion with die post-arterial segment and as a result, the pre-arterial segment 
becomes coded win icos the post-arterial segment which shows very much Jess growth 
activltv assumes a stiaightcr courser- 

Thc rapidl) growing liver causes undue pressure on the base of the pre-arterial 
segment of the herniated loop and as a result, it rotates anti-clockwisely through 
90* having the superior mesenteric artery as the axis; thus the pre-arterial segment 
is pushed down and to the right and its counter limb, the post-arterial segment, 
rotates upwards and to the left. 

Shortly afterwards at about the 
sixth w cck, a localised thickening appears 
mi the herniated part of post-arterial 
segment which forms the rudiment of 
the cecum. Concurrently with the 
appc?ranc. of the ciecal rudiment the 
Mtcllo-intcstinal duct together with the 
segment of the vitcihnc artery attached 
to it becomes detached from their 
connection with the free border of the 
intestinal loop and the latter becomes 
free 'flic remaining portion of the 
vitelline ait cry which lies in between*, 
the two loops and extends from the 
dorsal aorta to the mesenteric border 
of the intestine forms the superior 
mesenteric artery. 

Second stage of rotation. The second 
stage of rotation starts with the return 
ot the ht minted loop within the abdo- 
men between the tenth and the 
eleventh week. During dies time with 
reduction in size of the liver the intra- 
abdominal pressure is reduced (Frazer) 
and the available space within the 
abdominal cavity is increased and as a 
result, the herniated gut loop begins to r «- ,63 - Rotation of gut-sw»nd tuF 
return back into the abdominal cavity. Tire herniated loop is too bulky to t* 
returned en masse and therefore a more gradual, "orderly return takes P* a . > 
beginning with the proximal part of the pre-arterial segment. The 
bulging which appears early during the sixth week in the post-arterial segment® 
the herniated loop forms the last structure to be reduced within the abdominal cavity; 
AJthough the superior mesenteric artery fmms the main guiding axis in 
rotation and return of the herniated loop the process of withdrawal is also a“ w 
and gmded by the pull or the dorsal mesentery and some of the retention bands, i 
Ihe proximal part of the pre-arterial segment of the herniated loop re^n* 

■“ mto thc abdominal cavity on the right side of the superior mesenteric I 
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but llic space here is very much limited and therefore the gut loop is pushed to the 
left side behind the stretched superior mesenteric artery. In course of its way to the left 
the returning loop pushes the dorsal mesentery of the hind-gut from its median posi- 
tion to the left flank and consequently the descending colon comes to occupy the 
left flank and the colic angle is displaced upwards to form the future splenic flexure 
and the creum rotates unwards and to the right carrying the right half of the colon 
transversely across the ongin of the superior mesenteric artery from the dorsal aorta. 
Ultimately the caxurn is also reduced within the abdominal cavity and it occu- 
pies its position immediately below the liver just after its withdrawal. 




Stage of fixation. During this stage with further growl o ^ . DOS i t ; on 

ind diminution in size of the liver the caecum descends to occupy mesentery 

n the right iliac fossa. The ascending colon is at first provi , DOSter ior 

>ut later on it is pushed aside (right side) and ", P r f F d ‘ T' JS' 'the 

lbdominal wall by the growing small intestine. It, being p nneritonially. 
posterior abdominal wall, loses its mesentery and comes to ‘ P ansvcrsc 

Ihc mesentery of the transverse colon usually persists "hie pelvic 

mesocolon. The mesentery or the pelvic colon also . pers ,st s tc form . 
mesocolon. The process of fixation begins at about the^elcven 
till shortly after the birth of the foetus. 

Anomalies found in association with the development gut loop 

(1) Meckel’s diverticulum Sometimes (in about 2% 

°f l # he vitello-intcstinal duct remains patent and connected wi . as t he 

giving rise to the formation a diverticulum from the intestma P aopearan ce 
Meckel’s diverticulum. The diverticulum is usually found o . ^ vcrt i. 

over the ileum within 2-4 feet from the ilco-eaxal orifice. 

culum is provided with a short mesentery into which the ves g mesentery 

the yolk-sac may persist and at the same time theattached bo * . w ;thin the 

may be deficient in the intermediate position. Thus agap > P 
mesentery of the diverticulum through which some portion of the gut P 
herniated and strangulated. 
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12) Sometimes the volt-sac portion of the vitelline arte}' persists as a fibrom 
toril hich^nScts the umbilici with the imestiuc; strangulat.on of some portton 

° f ^(S^So-netimS' 'th^'stmllo-mtes'ttnal^duct'"!'^^!^ paten, throughout and . 

(2 Shaded into the umbilical cord. Under such condtlton dtvtston of the 
umbilical cord after birth results tit the formation of a fistulous tract at the natal 
rough SS SchinSttnal content comes out; occasionally some port, on of the vtldlo- 
intestinal duel may remain 
attached with the wall of the 
umbibcal cord and after With 
may give rise to a condition 
known as “weeping r.iyaP’ in 
which, the cord wound instead 
of healing, is turned into a dis- 
clutrgmg ulcer. 

(4) Umbilical h'rma . The 
normal umbihrol hernia of 
early fcctal life, due to failuie 
of mecliamsm of the withdra- 
wal back of the gut into the 
abdominal cavit\ , may persist 
even after birth in some eases 
giving nsc to the condition of 
umbilical hernia 


The Hind-gut. The hind- 
gut begins us a continuation of 
the transverse colon of the mid- 
gut within a short distance 
from the left colic flexure and 
ends in the cloaca. Parts 
derived from the lund-gut are 
a small portion of the trans- 
verse colon, the descending 
colon, the pelvic colon, the 
rectum, the upper portion of 
the anal canal, greater part of 
the urinary bladder, female 
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uretlira and the prostatic part of the male urethra up to the opening 
ejaculatory ducts. ^ 

The cloaca. The caudal end of the primitive gut tube ends in a 
blind extremity known as the cloaca. It forms a common entodermal cll ^\ ^ 
into which the hind-gut, the allantois and the two mesonephric ducts open- A 
stage, on either side of the cloaca, is a mass of mesoderm which gradually sf 
across the median plane to form a median septum. This mesodermal septum >” 
venes between the allantois vcntrally and the hind-gut dorsally and is in , c , * £ 
with the cloaca caudally. Into this median mesodermal septum the cauda 
of the two mesonephric ducts arc embedded and arc in relation with the cloa 
solaterally. This median mesodermal septum which is called the cloaca! 
extends cranio-eaudally into the cloaca dividing it into ventral and dorsal^p 0 ^ 
The dorsal portion forms the rectum whereas the ventral portion con!tJ . JLj,, 
uro-gcnital sinus. Concurrently with the division of the cloaca the caslomtc i 
extends caudally between the median mesodermal septum or the cloaca! sept ^ 
the rectum. Thus the mesonephric ducts which remain embedded 10 * ^ r!oAt J 
septum _ come to lie in relation with the uro-genital sinus portion of the ' 
into wmch they open. The cranial portion of the urogenital sinus is formed > 
allantois which is later converted into the urachus; the portion above the °P~ ( ^‘ e 
f the mesonephric ducts and between them and the allantois gives nse 


EMBRYOLOGY 


135 


urinarv bladder while the remaining portion t.e., the portion containing the 
openings of the mesonephric ducts and the part below them gives me to the 
formation of the proximal part of the prostatic urethra in the male and tile 
whole of the urethra in the female. 



Fig. 167. The cloaca and its sub-divisions and the structures that open into it. 

; RESPIRATORY SYSTEM 

The main respiratory, organ, that is, the laryngo-tracheo-bronchial tree together 
i with the lungs is an entodermal derivative of the fore-gut and arises as a diverticulum 
' from the ventral wall of the primitive pharynx. During the fourth week of intra- 
uterine life, when the embryo is about 3 mm. in length, a groove appears on the ven- 
tral wall of the primitive pharynx caudal to the hypobranchial eminence known as 
the laryngotracheal groove. # This groove extends cranio-caudally, and at first, it lies 
caudal to the ventral ends of the fourth phryngeal arches and between the ventral 
i ends of the fifth and sixth pharyngeal arches. The groove gradually deepens and 
i extends caudally. The margins of the groove gradually fuse together from the 
f caudal end and ultimately the groove is converted into a tube the cranial end of which 
j remains open and forms the opening of communication between the larynx and the 
. pharynx. The tube thus formed is known as the laryngotracheal tube which has a 
4 blind caudal end and an open cranial end connected to the primitive pharynx. The 
A laryngo-tracheal tube thus overlies the ventral aspect of the pharyngo-ccsophageal 
v tube and appears as its ventral diverticulum. The caudal end of the laryngo-tracheal 
V tube then becomes bulbous to form the primodium of the lung bud. The lung bud 
soon bifurcates into two unequal pulmonary diverticula, " primary bronchi’* right and lef> 
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swelling on each side extends rranio-ventrally to join with the hypobranchial cm 
nmee at its side, and forms the basis of the future ary-epiglottic folds, one on cac 
side, wlu'ch bound the inlet of the larynx in the adult. Then the inlet of ih 
larynx in the adult is the secondary laryngeal opening brought about by the develop 
mtnt nf the super-structure on either side of the opening of the latyngo-trachta 
tube v. hich is the primary laryngeal opening. 

Thyroid cartilage. The thyroid cartilage develops as turd mesodermal plate 
derived from the ventral mils of the fourth and the fifth pharyngeal aiches. 

Cneoid cartilage. 1 he skeletal element of the sixth pharyngeal arch divide 
into dorsal and \rntial portions. The dorsal portion gives rise to the formation o 
die aiytenoid and comiculate cartilages whereas its ventral portion forms tfti 
cricoid cartilage and the cartilaginous tracheal rings. 

The Cavum taryrgis. In a 6 mm. embryo the cavity of the larynx is represent 
cd by the extreme cephalic end of the entodermal laryngo-trachcal tube togethei 
with the sht iil' opening which communicates the laryn go- tracheal _ tube with tlx 
primitive pharynx. At ihis stage the slit-like opening of communication is bounded 
or> either sid< by the mesodermal condensation at the ventral ends of the fifth and 
sixth pharyngeal ai chcs and lies immediately caudal to the hypobranchial eminence 
With further development the cephalic end of each lateral swelling (the super- 
sti ucturrs) extends upwards to join with the hypobranchial eminence and forms the 
a rv -epiglottic folds. Later on excavation appears on the medial side of the ary 
epiglottic folds and forms the sinus of the larynx and its two margins, cranial and cau- 
dal, form respectively the vestibular and the vocal folds. The opening bounded by the 
ary-epi glottic folds forms the inlet of the larynx (secondary laryngeal orifice) and 
the bilateral sw clling known as the arytenoid swelling gives rise to the formation of 
the arytenoid, comiculate and cricoid cartilages. 

Developmental anomalies: Anomalies found in Ihe development of the lungi 
arc of various degrees of arrested growth, and other types of defects without an) 
arrest of growth. According to Schneider’s classification, which is based ontht 
degree of arrest of growth, anomalies of the lungs are of three types, type I, t)T e, ‘ 
and type III. 

Tjpe l (Jgenrris). This is a defect in which there is complete absence of the 
bronchus and the lung. 

T?P : H {Aplasia). In this type of defect there is a rudimentary bronchus but 
there is no associated lung tissue. 


• Ta^ m {Hypnplana). In this type of anomaly there is a bronchus .wM 
variable amount of lung parenchyma which is usually subnormal in development. ■ 
, . P T1,F -K TYl'ES of anomalies: (a) Lob us rente azygos or the lobe of the OZV, g 0i J®*' 
This is a condition in which (he upper lobe of the right lung is split into tvrtP? s 
pleural septum which rum vertically from cither the lateral or medial 
the apex towards the lung root; at the lower curved border of the septum 

lies tnc accentuated arch or the azygos vein which gains its termination m 
superior vena cava at a higher level opposite its formation by the two innotninw 
veins. the azygos venous lobe may be present on the left side also. * .. 

(b) Defects in the bronchial tree: Congenital dilatation of -the terminal 

chiolts may result m the formation of congenlilal bronchiectasis. Congenital 9* f \ 
iJLK u aT ) olhc r c °ndition, often associated with accessory pulm^'! 

~ .V h ¥ e ,s cnorm °u* dilatation of the bronchioles due to comPKg 
bronchioles' 1 * bronchus W the accessory pulmonary artery above the wJ 

?™malics. Accessory pulmonary artery. The accessory PjjjJJ 
»nt? oc ^ lona! >- ari5es from the abdominal aorta just above the diaph**» 
EJJS? ^J5 C pulmonary ligament to enter into the lower lobe. & 

’ ITv S f r° m a ^»»inal aorta below the diaphragm or occasion*^ 
.may even arise from the inferior phrenic artery. 
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CARDIOVASCULAR SYSTEM 


DEVELOPMENT OF THE HEART 


External form. The pericardial cavity is formed by that portion of the 
itra-embryonic coelom which passes transversely across the middle line in front of 
ic future buccopharyngeal membrane (prochordal plate). The pericardial cavity 
plits the mesoderm in this region, which intervenes between the entoderm in front 
nd ectoderm behind, into two layers, intra-embyonic somatopleuric mesoderm and inlra- 
r nbnonic splanchncpleuric mesoderm. The former lines the pericardial cavity towards 
he ectoderm while the latter lines that towards the entoderm. The mesenchymal 
ells that intervene between the splanchnopleunc mesoderm and the entoderm 



'orm a network of cells known as the _ _ 

:ardiogenie plate. The cells of the car- 

diogenic plate differentiate in situ to o*e 

form endothelial cells which form ////s'' ‘ / u™ 

two endothelial tubes. The splanchnop- // / / ' *• 

leuric mesoderm dorsal to the endo- fl / /■ 

thclial tubes gives origin to myo-epicar- ll I r ■ jZ* — s. s'fuD)/ B 

dial mantle which, later on, is 'trdns- 1 V — /pA , A 

formed into myocardium and the w \ 

'epicardtum of the future heart. By \l \ )) Ip 

'the time the head fold has developed 'X Jj / 

[considerably it causes rotation of the 

^pericardial cavity through 180’ and ^ 

-as a result, the endothelial tubes lie 
^ventral to the developing foregut, 

dorsal to the pericardial cavity, can- Dia"rammatic representation* to *ho%v 

^lal to the huccopharyngcal mem- t,s - |he r ‘ c | al ions or the developing heart and 
' orane and craniodorsal to the septum the pericardial cavity. 

'.ramversum. Each of the endothe- , . . , dilated venous sinus 

wal tubes soon becomes connected at Us d t h c um bilical veins. This 

formed by die union of the correspondmg vitdhn^tnc^ venoS us which is soon 
dilated venous sinus on each side is called the pnmtltvesmis ^ union 

omed by the duct of Cuvier or the common ve g s j d(% Thus it is evident 

Kh th i “ n, .' ri .° r and posterior cardinal veins receives the corresponding vitelline, 

^hat the primitive sinus venosus of each side veins. The cranial end of 

“ mbiUcai, and the anterior and poster, or cardinal, vem^ ^ ^ & 

^ach of the endothelial tubes extends beyond P ^ -*• 


p;_ no Diagrammatic rcpre*cniatior» to show 

f,g ‘ d^dJiS of the developing heart and 
the pericardial cavity. 
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situ from the mesodermal 


with the corresponding droll aorta, which develops 

cells on the sides of the notochord, by aortic arches. .... f ■ ... 

With these changes the endothelial tubes undergo gradual fusion from cranial 
. the caudal end and the resulting single endothelial lube is the primitive heart tube. 
^fmyXSal mantle now is transformed into myocardium and cpgffttm . 
anti the single endothelial tube becomes the mhcariam. The myo-cptcardal 
mantle together with the endothelial heart tube, being mvagmated into the pen 
cardial sac> suspended from the dorsal pericardial avail by a double fold I of reran 
pericardium called the mmcardwm. This mesocardium only musts temporal 
K about sixteen-somite stage this disappears altogether leaving a gap which 
in later life, forms the transverse sinus of the pericardium. 

At this stage the endothelia 
tube together with the myo-ejri 
cardial mantle is called the caraia 
tube or the primitive heart. Th 
cardiac tube 'then elongates withii 
the pericardial cavity, and tin 
tube, being fixed at its both ends 
becomes folded on itself. Nw 
differential growth in the wall o 
the cardiac tube becomes manifo 
which results it to be speculate 
with grooves or sulci on its ester 
nal aspect. These dilatations mu 
grooves subdivide the cardiac tub 
into different components ester 
nally, and from caudal to tw 
cranial end, they arc the right a* 
left sinus venoms, right and WPP 1 ? 
live atria, atrip-ventricular canal, u>' 
ventricles and the bulbus cordis. At this stage the right and left sinus venosus and «* 
right and left primitive atria are still embedded in the septum transversum. 

The cardiac tube being fixed with the pericardium at its arterial and venou 
ends, rapid growth of the cardiac tube, which greatly exceeds that of the pericaro 
cavity, causes it to be bent on itself to form a U-shaped loop, the convexity ot w 
is directed venlrally and to the right. As this loop involves mainly the ^ vent 
and the bulbus cordis it is called the bulba-ventricular loop. The concavity o 
bulbo-ventricular loop gradually deepens to form the bulbo-ventricular sulcus. 
these changes in the bulbo-ventricular part of the cardiac tube its venous eno 
undergoes changes in which 
the right and die left atria 
become fused to form a tra- 
nsversely dilated single 
atrium. This single atrium 
thus formed becomes freed 
from the septum transversum 
and comes to lie within the 
pericardial cavity where it 
is placed dorsal to, and 
partly to the left of the bulbo- 
ventricular loop. Subsequ- 
ently the right and the left 
sinus venosus are separated 
from the septum tramver- 
sum and they come to lie 
do nal to the single atriu of 
m the sinus venosus- m. 






173. A further stage of figure 
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the two sides undergoes par- 
tial fusion as a result of 
which, the two different 
sino-atrial orifices become 
fused to form a single sino- 
atrial orifice which opens 
; into the single atrial cavity. 

! Then with further develop- 
: ment re-arrangement of 
1 veins entering into the sinus 
' occurs and a new venous 
channel, the ductus venoms is 
i formed and 'most of the 
blood from the liver passes 
j through this to the right sinus 
horn. With these changes 
he left sinus is much re- 
luced in size and a deep 
;ulcus appears between this 
ind the left side of the 
:ommon sinus venosus and 
most of the blood be- 
ing passed through the 
ductus venosus to the right 
sinus horn the latter be- 
comes enlarged and becomes 
separated from the dorsal 
aspect of the atrium. While 
these changes take place the 
single sino-atrial orifice 
which was transversely 
placed, becomes vertically 
disposed and the margins of 
the opening project into the 
atrium as right and left venom 
valves. 

Concurrently with the 
above changes the heart as Pig. 174. Tile stages in the development of the external 
a whole gradually becomes form of the developfng heart, 

caudally displaced; as a 

‘result of this caudal migration, and with subsequent development of the neck, the 
anterior cardinal veins, which were vertical in direction, become oblique in direc- 
tion. The obliquity of the anterior cardinal veins produces corresponding oblique 
ridges in the pericardio-pleural opening and are known as pericardiopleural folds. 
These folds become sufficiently enlarged z-'d ultimately separate the pericardial 
cavity completely from the pleural cav' M ' 

Subsequently all the new component of the heart become rapidly enlarged and 
•hey are further re-arranged in their ‘position. The atrium enlarges transversely 
ind from cither side they embrace the bulbus cordis and ultimately the portions that 
overlap on the sides of the bulbus cordis form the auricular appendages. Then 
ffie bulbo-ycntricular sulcus becomes much reduced in depth and some portion of 
he bulbus cordis becomes absorbed into the ventricle wlilch has now moved more 
the left side. The atrio-ventricular groove becomes much accentuated and a 
tarrow waist, the atrioventricular canal is formed. With these changes the external 
orm of the heart assumes almost a normal adult form. 

* Interior of the Heart. As already described the single cardiac tube has 
•f >ecn so oriented as to form the different chambers of the heart but major changes 
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SEPTUM PRIMUM 


POSTERIOR 
i"- ENDOCARDIAL 
CUSHION 


LETT VENTRICLE 



arc still to be invol- 
ved in forming par- 
titions within the 
heart so as to. de- 
marcate one cham- 
ber from the other,. 
Although processes 
of separation ran 
concurrently with 
the changes of its 
external form it 
would be convenient 
to discuss them 
■ separately and indi- 
vidually. 

Atrium . At 7.5 
mm, stage the emb- 
ryonic heart is du- 
mble-shaped with a 
narrow waist and 
with expansions 
both above and be- 
low. The upper ex- 
panded portion o 
formed by the cow- 
mon atrium and the 


lower two by th £ 
The ac- 


IEFT VENTRICLE 


ventricles. Tl. 
companying w? 
gram is the approxi- 
mate picture of ihj 
interior of the beg 
at this stage. TJ* 
common atrial w 
amber communi- 
cates with the vc 
tricle by a narj 


tMTTA VENTRICULAR MPTUH 


narrow waist. ^ 
A.V. canal art aj 

ISmvcnely^ 

cd. The right 

of the common atrium (future right atrium) contains the opening of Jjpcriorh 
venosus which is bounded by the right and the left venous valves. ■" Artist 
us valves fuse together to form a well roarfcc 


Thr itagci in ihc development oT the internal form 
of the developing heart. 


the right and the left venous v 


on the roof of the right side or the atrium known as the septum spurtum- 
also they fuse together but form an ill-defined elevation. A sick ^-..c^the 
fold, the stpium primum, soon extends from the roof of the atrium oppost cor jt* 
line and lies on the left side of the septum spurium. The septum p nm . ^ 
ponds to a mid-line furrow externally caused by the inward thnist ° tun) pf" ' 


portion of the bulbus cordis. Concurrently with the appearance , 1 . ,! t ! opp^' C 
mum the ventral and the dorsal walls of the A.V. canal become devat^ 


ot me A.v. canat occwu« ; 
the middle line and these elevations arc called the aim-ventricular enaocar _ 
* dorsal and ttnlraL Then the septum primum extends gradually downwa 
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LEFT 

VENOUS VALVE 

StrtUM SECUNDUM 

SEPTUM P 


RIGHT 

ATRIO VENTRICULAR 
CANAL 


LEFT 

ATRIO VENTRICULAR 
CANAL 


interior and posterior at rio- ventricular endocardial cushions gradually fuse together 
ipposite the middle line and divide the A.V. canal into right and left atrio-ventri- 
:ular openings. The free or the lower edge of the septum primum is still to reach 
he A.V. endocardial cushion and the opening between the two is called the foramen 
)rimum or primary 
r oramen ovale which 
joon becomes obli- 
terated by the fusion 
of the lower edge of 
the septum primum 
with the fused upper 
surface of the A.V. 
endocardial cus- 
hion. Thus the com- 
mon atrium is divi- 
ded into right and 
left atria. Concurr- 
ently with this pro- 
cess of fusion the 
cephalic end of the 
septum primum un- 
dergoes degenera- 
tive changes and an 
opening, appears be- 
tween it and the 
roof of the atrium 
and this opening, 
the foramen seatndum, 
communicates the 
two atria together. 

This foramen secundum is the secondary foramen ovale. The space between 
the septum primum and the septum spurium is called the interseplo-valvular space. 
From the roof of the right atrium opposite this space, the septum secundum soon appears 
and gradually extends downwards to reach the upper margin of the septum primum 
which has become deficient to form the foramen secundum. 

The opening still left by the lower concave margin of the septum secundum 
and the upper margin of the septum primum is the foramen ovale. Then die cres- 
centic lower margin of the septum secundum overlaps die upper margin of the 
septum primum and the foramen ovale becomes a valvular opening. n . _ 

' birth of the fetus most of the blood from the inferior verm cava passes into 'the lei 
] atrium through this valvular opening because of the inequaliUes o P”-”” 

' between the two atria, the right atrium presumably has a greater P rc • 

J ! 'birth, with the establishment of pulmonary circulation, the pressure ° . . 

'the two atria becomes equal and consequently flow of blood from right to thelc* 
altogether? the opening is dosed by fus, on of the opposed surfa^of 



Fig. 176. 


VENTRICLE 

RIGHT VENTRICLE POSTERIOR ENDOCAROIAt CUSHION 

Formation of foramen ovale, inter-atrial and 


inter-sentricular septa 


t £? overtopping margins (about 75 per £ a“nd” Upturn "s ecundum fail 


•'the opposed overlapping surfaces of the septum p - ---- - » 

i*to fuse together and consequently, anatomically a patent foram , P, ,t j j 
.Wet Wan se of the absence of any flow through this 


though closed physiologically, because of the absence of. any mv t roug > 

fifths. . Rard r-., in CCTti “. n P 5 r i' n i“K,rI^™/i C a^ ar c™,c 0 nucntIy, P ti.U type of 


’ Hum rails to mcct’thc margin or the septum primum and “mequcnjly. , 

foramen ovale becomes patent both anatomically and physi g y- 
Itases Where the 


iff 


^•depression, the fossa ovalis on the septal 
rfitmlus ovalis. 


S Right atrium. If we trace back to the cmbryological co^nponcnU of die 
rfAdult right atrium it is seen that the adult right atrium is formed by three eml ry 


yJ 1 


A 
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logical components, viz., the right half of primitive atrium , the right half of sinus venosus 
and the right half of the A.V. canal. The auricles with the musculo-pcctinati deve- 
lop from the primitive atrium and the remaining smooth portion 3s formed by the 
sinus venosus while the right half of the A.V. canal forms the right atrio-vcntricular 
orifice. The crista terminalb marks the line of fusion between the primitive atrium 
and the sinus venosus and corresponds to the sulcus tcmunalis externally. 

Parts derived from the right and left venous valves of the sinus 
venosus. During the process of growth and development the sinus venosus is 
gradually absorbed into the primitnc atrium. The left venous valve disappears 
while the right venous valve is displaced centrally and to the right by the deve- 
loping sinus venosus and it gives out three subendocardial muscular processes known 
as the limbic bands. The svperior limbic band passes across the posterior wall of the 
sinus venosus between the orifices of the superior and the inferior vena: cavas and form 
the basis of the intenenous tubercle of Lower. The inferior limbic band is situated between 
the orifices of the inferior \ cna cava and the coronary sinus (rudiment of the left 
horn of sinus venosus) and forms the basis of sinus septum. That portion of the 
right venous valve which extends above the superior limbic band fuses with 
septum spurium to form the crista Icminalis. The portion of the right venous valve 
between the superior and inferior limbic bands persists as the valve of the inferior 
vena cava and the lalve of the coronary sinus. 

Left atrium. The left atrium develops from the left half of the primitive atrium, 
the dilated terminal portions of the pulmonary veins and the left half of the A.V. canal. The 
left auricle is formed by the left primitive atrium. 

Ventricles and the bulbus cordis. The, .common ventricular cavity js 
divided into right and left ventricles by the growth oflhe mteryentn euiar septum *. 
ShorUy~after thtrappearance dr the septumpnmum of theatrium, an antero-posterior 
muscular ridge appears in the floor of the bulbo-ventricular cavity. With further 
growth posterior part of this interventricular septum approaches the right extremity 
of the postero-inferior aspect of the A.V. cushion and then subsequently fuses with 

the same. The anterior 
part of the intervenin' - 
cular septum extends from 
the anterior wall and roof 
of the common bulbo- 
ventricular cavity and 
finally fuses with the 
antero-superior part of 
the A.V. cushion. Thu s 
the interventricular sep-^ 

^jrtrrs'seen7tb"T)cir^? c ^ 

witTPthc anterior anaTfre 
posterior parts of the A.V. 
cushion, but inTKcjhter- 

mediate 'position Tt^does ^ 

not reach the 'A.V._c iis- ~ 
hion and ends'm a free V* 
concave margirir" The _ 
foramen formed^. Jby"~tll£ 
free concave - rrSrgitT~bl^ 
the interventricular sep- 
tum and theA.V. .cushion 
is called the interventricular fomnen which communicates the two ventricles for a' 
short time. Later on, the interventricular foramen is closed by the proliferation of 
the lower part of the right and left bulbar ridges and fused A.V. cusliion. 

Shortly before the formation of the interventricular septum a spiral sub-endo i 
cardial thickening appear within the bulbus cordis and is known as die bulbar ridges , 
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In the distal part of the bulbus 5ordis the bulbar ridges are placed laterally; in 
the proximal portion they form right and left bulbar ridges and are placed 
above the right A.V. canal and the interventricular septum respectively; in the in- 
termediate position they are so 
arranged as to be placed on the 
anterior and posterior walls. 

With further development these 
ridges fuse together and a 
spiral aorticopulmonary septum 
is formed which divides the 
bulbus cordis into the aorta 
and the pulmonary trunk which 
communicate with the left 
ventricle and the right ventricle 
respectively. 

Pars membratiacea septi . The 
membranous part of the inter- 
ventricular septum is formed 
by the fibrous tissue and re- 
mains so throughout life. 

Though it is called interven- 
tricular septum it is pattly 
interventricular and partly 
atrioventricular. Its lower part 
intervenes between the right 
and the left ventricles while 
its upper part intervenes between the left ventricle and the right atrium. The 
interventricular part of the septum is formed by the extension and fusion of the 
right and the left bulbar ridges while the atrio-vemricular part is developed by 
proliferation of the cells of the fused A.V. cushion. 

Fate of sinus venosus. The superior and inferior vense cawe open into the 
right horn of the sinus venosus in the developing heart. As the right atrium gradu- 
ally enlarges it entirely absorbs the right horn into its wall and therefore the 
venre cavse (superior and inferior) are connected into the right atrium and gain 
separate openings into it. The left horn of the sinus venosus may persist and form 
a part of the oblique vein of the l eft atrium . - The body ot Ihe sinus" venosus ner- 
sinus wlbchopensintiTt he^jig ht a trium between the opening?’* 
of Jthc_ inferior Vena ^ava^ - aml tlie ngnt^atn oSeDtri cular orifice.. T he coronary ** 
veins drain mto* the coro nary 

VASCULAR SYSTEM 



The vascular system of the embryo consists of networks of endothelial tubes 
which appear almost simultaneously both within the embryo and outside, in the 
yolk-sac, body stalk and in the chorion. By the intricate process of fusion, amalga- 
mation and retrogression definitive blood vessels arc formed within the embryo, in 
the yolk-sac and the body stalk. By the process of extension the extra-embryonic 
vessels establish communication ivith the intra-embryonic vessels and thus, together 
with the developing heart within the embryo a simple circulatory system is esta- 
blished between the embryo and the developing placenta. The developing blood 
vessels consist of two systems of blood vessels namely the arterial and the venous 
systems. 

THE ARTERIAL SYSTEM 

The main arteries formed within the early embryo arc the tcnlral aorta and the 
aortic arches and the two dorsal aorte with their branches. The primitive heart within 
the embryo is formed by the fusion of two endothelial tubes (see development of 
10 
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heart) and is connected with the ventral aorta at its cephalic end through the medium 
of a short arterial trunk known as the trtmeus arteriosus, and with the stems venosus, 
a common venous chamber, at its caudal end. At this stage the two umbilical 
arteries, one on each side, which form the terminal branches from the corresponding 
dorsal aorta, grow out in the umbilical cord and establish connection with the venous 
capillaries of the umbilical veins in the placenta. Thus a simple circulatory system 
is established between the embryo and the placenta. 

Ventral Aorta and the Aortic-Arche s. It has already been learnt that 
the primitive cardiac tube consists of a crania! end known as the bulbus cordis and a 



eaJviaJ- end. kn/w.o. as. twits vamivuc. Tbe. hnJhjis. rswlis. %f. > is. 'OToiaJ. wi Owns, 
a short common arterial trunk, the tnmeus arteriosus , which leads to a dilated sac 
known as the aortic sac or the primitive ventral aorta. The aortic sac breaks up into 
branches which enter into the pharyngeal arches from both sides and form a scries 
of arches known as the aortic arches. 

The aortic arches are six in number on each side and form a right and a left 
set of branches. Each aortic arch passes upwards and backwards in the correspond- 
ing visceral arch and establish connection with the corresponding dorsal aorta. The 
aortic arches appear between fourth and sixth weeks of intra-uterine life and undergo 
extensive changes within a short time. The first aortic arch appears first during the 
beginning of fourth week and then in a rapid succession the remaining arches deve- 
lop cranio-caudally and by the sixth week, the sixth or the last arch develops. By 
the time the sixth aortic arch develops, the first and the second aortic arches have 
already atropliied and disappeared. The fifth arches connect the fourth arches 
with the sixth and persist only for a short time and soon disappear. 

Fate and derivatives of the aortic arches. Soon after development, the first, second 
s and the fifth aortic arches disappear completely. 
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The third aortic arch persists on each side as the first part of the internal carotid 
artery and the persisting dorsal aorta into which it opens forms the remaining portion 
of the internal carotid artery. Each of the third arches gives out a branch from Us 
ventral part to form the external carotid artery. 

The fourth aortic arches behave differently on the two sides. The right fourth 
aortic arch forms the proximal part of right subclavian artery — its distal part being 
formed by the right dorsal aorta (between the right fourth and seventh intcrsegraental 
arteries) and right seventh interscgmental artery. The left fourth aortic arch 
together with the aortic sac and the left dorsal aorta upto its fusion with the right 
dorsal aorta forms the arch of the aorta. The left seventh intersegmental artery is 
drawn up in the developing arch of the aorta and forms the left subclavian artery. 

Each of the sixth aortic arches gives out a pulmonary branch. The left sixth 
aortic arch together with its pulmonary branch forms the left pulmonary artery; its 
remaining portion, that is, the portion between its pulmonary branch and its termi- 
nation in the dorsal aorta forms die ductus arteriosus. The right sixth aortic arch 
together with its pulmonary branch forms the right pulmonary artery; its remaining 
portion, that is, the portion between the origin of the pulmonary branch and its 
termination in the dorsal aorta, disappears completely. 

The remaining portion of theaorticsac is drawn apart and divided into right and 
left limbs which form the innominate and the left common carotid arteries respectively. 

The dorsal aortic. There are two dorsal aorta;, one on each side, and are 
placed side by side on the dorsal wall of the embryo on either side of the median plane. 
During early somite stage (fourth week) they begin as two tubes opposite the roof 
of the developing pharynx and then grow caudalwards providing branches to the 
structures all round. During the end of the fourth week, opposite the region from 
first thoracic to the first lumbar segment, the two dorsal aortae are seen to fuse 
together to form a large single tube, the future descending aorta. Fusion proceeds 
further caudalwards and it extends upto the level of the last lumbar segment by the 
end of the fifth week. The median sacral artery of the adult represents the fused 
caudal portions of the dorsal aorta:. 

Thus it appears that below the level of the first thoracic segment the two dorsal 
aorta; fuse together to form a single tube but above this level they remain urjfused 
and attain further developmental changes which differ on the two sides. 

Both the right and the left dorsal aorta: disappear between the third and the 
fourth aortic arches. Cranial to the third aortic arches both dorsal aorta: persist 
and together with the third aortic arch they form the future external carotid artery. 
The right dorsal aorta between its seventh intersegmental branch and its fusion with 
the left dorsal aorta disappears. 

Branches of the dorsal aorta: — -The branches from the dorsal aortic may be 
grouped as follows: 

(1) Intersegmental branches 

(2) Ventral branches 

(3) Lateral branches 

(1) Intersegmental branches. These arteries, as their name implies, are ‘interseg- 
mcntal* in position and pass laterally between somitic segments; each artery divides 
into dorsal and lateral branches. The dorsal branch is destined to supply the spinal 
cord and its meninges while the lateral branch is destined to supply the body wall. 

In the thoracic region these lateral branches form the intercostal arteries while in 
the lumbar region they form the lour lumbar arteries. The fifth pair in series in 
the lumbar region develop into the common iliac arteries. 

In the neck region there are eight intersegmental arteries on each side and are 
numbered cranio-caudally. All these arteries are connected to each other by a 
longitudinal anastomosis. The seventh interscgmental artery represents the sub- 
clavian artery (see later) and soon the connections of the upper six intersegmental 
arteries with the dorsal aorta being _ retrogressed the longitudinal anastomoses 
(precostal anastomosis) between the intersegmental arteries form a longitudinal 
artery having a connection with the seventh intersegmental. This longitudinal 
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artery is the first and second portions of the future vertebral artery. The tltird 
portion of the vertebral artery, that is, the portion lying over the arch 
of the atlas is formed by the spinal branch of the first cervical intersegmental artery. 
The fourth or the intracranial part of the vertebral artery' is formed by the neural 
division (forming preneural anastomosis) of the above spinal branch. 



The lateral branches of the intersegmental arteries in the region of the trunk 
pass ventrahvards along the segmental nerves and form a chain of longitudinal ven- 
tral anastomoses on cither side of the median plane and from tills chain of ventral 
anastomoses the internal mammary, superior and inferior epigastric arteries are 
derived. 

(2) Ventral branches. The ventral branches of the dorsal aorta: are numerous 
originally but later on only three branches persist supplying the archenteron namely 
cceliac, superior mesenteric and inferior mesenteric. The site of origin of these 
branches migrates considerably caudalwards with the change and return of the gut 
tube within the abdomen. Thus the coeliac artery from its original site opposite 
the seventh cervical segment migrates to the level of the twelfth thoracic segment, 
the superior mesenteric from the level of the second thoracic to the first lumbar and 
the inferior mesenteric migrates from the level of the twelfth thoracic to the third 
lumbar segment. 

(3) lateral branches. The lateral branches from the dorsal aorta: are also 
numerous originally and are destined to supply the developing genito-urinary 
system (mesonephros, metanephros and the gonads) . The persistent lateral branches 
are the renal, suprarenal and the testicular or ovarian arteries. 

Summary of the developments op the great vessels (Arterial System) — 

Ascending Aorta and the pulmonary trunk. Tour endothelial cushions, right, left, 
ventral and dorsal, appear within the tmneus arteriosus. The right and the left 
cushions meet together and split up the truncus arteriosus longitudinally into two 
great vessels, the ascending aorta bcliind and the pulmonary trunk in front. 

Pulmonary artery. The right and the left pulmonary arteries arc formed by the 
proximal portion of the corresponding sixth aortic arch together with the pulmonary 
v branch. The distal portion, that is, the portion beyond the origin of the pulmonary 
> 7 hranch, of the sixth aortic arch becomes obliterated on both the sides. 


EMBRYOLOGY 


149 


Arch of Ike aorta. The arch of the aorta is formed by contribution from the 
caudal part of left portion of the aortic sac, left fourth aortic arch and the left dorsal 
aorta upto its fusion with the right dorsal aorta. 

Descending aorta. The descending aorta extends from the level of the eighth 
intersegmental branch upto the level of the fifth lumbar intersegraental branch and 
is formed by the fusion of the right and left dorsal aortae in this situation. 

Common and internal carotid arteries. The third aortic arch together with the 
persisting dorsal aorta cranial to it forms the common and the internal carotid 
arteries. 

Innominate artery. With the change in position of the heart the cranial portion 
of the aortic sac is drawn apart into right and left horns opposite the third arch 
arteries. The drawn out left horn contributes to the formation of the root of the 
left common carotid artery while the right horn develops into the innominate artery. 

Subclavian arteries. The left subclavian artery is formed by the left seventh 
intersegmental branch of the left dorsal aorta. The right subclavian artery is formed 
by the right fourth aortic arch, right dorsal aorta between right fourth and seventh 
intersegmental arteries and a portion by the right seventh intersegmental artery. 

External carotid. Originally there is no external carotid artery and later on it 
is formed by a branch budding off from the ventral root of the third aortic arch. 



Arteries of the upper limb. During the fifth %\cek of foetal life when the 
upper limb bud is in making, a network of capillary vessels from the seventh inter- 
segmental artery extend into it. By the sixth week, definitive arteries are formed 
from the capillary plexuses resulting in the formation of the axial artery of the limb 
and by the end of the eighth week, almost all the vessels have appeared. 

.10 
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The axial artery aj the upper limb. The axial artery of the upper limb is the direct 
continuation oC the seventh intersegments! artery or the subclavian artery and as it 
runs through the axilla and the arm, it goes by the name or axillary and brachial 
artery respectively. Then it runs through the elbow and forearm and ultimately 
ends in the capillar)’ network in the palm. 

Below the elbow the first branch that arises from the axial artery is known as the 
median artery which accompanies tjie median nerve and ends in the capillary plexus 
in the hand. The radial branch of the axial artery accompanies the radial nerve 
and arises from the brachial artery opposite the middle of the arm and is known as 
the primary radial artery. The secondary or the definitive radial artery arises from 
the brachial at the elbow and soon joins with the primary radial artery and then 
coursing through the foream it ends in the hand where it subsequently forms the 
deep plantar arch. The ulnar branch of the axial artery arises from the brachial 
at the elbow and by passing deep to the flexor muscle mass it descends vertically 
to enter into the palm of the hand and joins with the capillary network which subse- 
quently develops into the superficial palmar arch. Below the elbow it also gives 
another branch, the posterior interosseous artery which passes backwards in between 
the bones of the forearm and then descends downwards on the back of the interos- 
seous membrane. 

Changes in the axial artery and its branches and formation of the defnittve arterial system. 
The primary radial artery arising from the brachial in die centre of the arm, soon 
disappears from the level of its origin upto its union with the secondary radial artery 
and the secondary radial artery becomes the definitive radial artery. The axial 
artery in the forearm becomes much modified to form a slender artery, the anterior 
interosseous artery which passes in front of the interosseous membrane and ultimately 
loses its connection with the capillary network in the palm whicli is destined to form 
the deep palmar arch whereas the radial artery establishes connection with the same 
to feed the deep palmar arch. The median artery, which accompanies the median 
nerve soon undergoes retrogression and loses its connection from the capillary net- 
work in the palm into which the ulnar artery terminates subsequently to form the 
superficial palmar arch. Communications are also established between the 
superficial and the deep -palmar arches and between the posterior interosseous artery 
and the deep palmar arch. 

The arteries of the lower limb. The arteries of the lower limb appear 
almost simultaneously with the arteries of the upper limb. Here too, there deve- 
lops primarily an. axial artery which dominates as the main feeder stem during the 
earlier part, but soon the arterial pattern change; considerably which leads to the 
formation of the definitive arteries of the limb. 

The axial artery of the lower limb. The axial artery of the lower limb arises from 
the secondary umbilical artery — the primary umbilical artery from the dorsal aorta 
having been migrated cranially the fifth lumbar intersegmcntal artery (common iliac) 
forms the secondary umbilical artery. After its origin the axial artery comes out of 
the pelvic cavity through the greater sciatic foramen and accompanying the sciatic 
nerve it passes to the back of the thigh beneath the hamstring muscle mass and 
reaches the region of the popliteal fossa. Then the artery passes between the pop- 
litcus muscle mass and the bone to gain the interosseous membrane. Following the 
interosseous membrane it enters into the sole of the foot where it ends in a capillary 
network from which a perforating branch passes to the dorsum of the foot and joins 
with a dorsal capillary network. 

At the proximal part of the popliteal fossa the axial artery gives a communicating 
branch, the ramus communicaru superior , which pierces through the hamstring muscle 
mass and establishes connection with the developing femoral artery. At the proxi- 
mal border of the poplitcus it gives two branches, the primitive posterior tibial and 
personeal which descend into the leg dorsal to the popliteus and the tibialis posterior 
^muscles and ultimately join with the capillary network in the sole of die foot. At 
r *ihc lower border of the poplitcus the axial artery gives a perforating branch which 
jjj , passes ventrally in between the two hones of the leg and after communicating with 
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mal to the origin of the axial attery known as the externa! iliac artery which descends 
downwards over the superior ramus of the pubis and enters into tiic thigh and be- 
comes the femoral artery. A superficial plexus from the femora! descends down- 
wards through the ventral aspect of the thigh and the leg and ultimately joins with 
the dorsal capillary network on the dorsum of the foot. In its course through the 
leg the capillary plexuses run together to form the primary anterior libial artery. 

Changes in the axial artery and its branches and formation of the definitive arteries of the 
limb. The proximal portion of the axial artery, though much modified, persists 
as the inferior gluteal artery. The portion between the artcria communicans superior 
and the persisting proximal part disappears completely. The portion between the 
popliteus and the artcria communicans superior persists and forms the proximal 
portion of the popliteal artery. The distal portion of the popliteal artery is formed by the 
fusion of the proximal parts of the primitive posterior tihial and the peroneal arteries. 
The portion of the axial artery between the popliteus and the bone disappears com- 
pletely. A short segment of the axial artery immediately below the popliteus persists 
to contribute in the formation of the anterior tibial artery along with the artcria 
communicans medius from the distal part of the popliteus. The capillar)' plexus 
on the ventral aspect disappears above the knee. Thus the anterior tibial artery is 
formed by the artcria communicans medius, the persisting short segment of the axial 
artery below the popliteus, the perforating branch of the axial artery in this situation 
and by the primary anterior tibial from the ventral capillary plexus. The distal 
portion of the axial artery loses its connection with the plantar network and persists 
to contribute in the formation of the distal part of the peroneal artery. The proximal 
portion of the peroneal artery is formed by (he primitive peroneal branch of the 
posterior tibial and by the arteria communicans inferior. The primitive peroneal 
artery disappears below the origin of the artcria communicans inferior. The 
proximal part of the posterior tibial is formed by the fusion of the proximal part 
of the primitive posterior tibial and primitive peroneal arteries, tuns the latter 
gains its origin from the posterior tibial. The distal portion of the posterior tibial 
is formed by the persisting primitive posterior tibial and communicates with the 
plantar network which subsequently develops into the plantar arch. 

THE VENOUS SYSTEM 

Like the arterial system the venous system also begins as networks of venous 
capillaries and drain the blood from the arterial system to the primitive heart by 
means of primitive veins. There arc four pairs of primitive vems namely anterior 
cardinal, posterior cardinal, umbilical and vitelline, which drain the whole body of 
the developing embryo into the primitive heart. The two anterior cardinal veins, 
right and left, drain thc-upper limb and the cranial end; the two posterior cardinal 
veins, right and left, drain the caudal part while those from the placenta are the 
right and left umbilical veins and those from the archrntcron are the light and left 
vitelline veins. The anterior cardinal vein of each side joins with the corresponding 
posterior cardinal vein to form a common venous channel, the duct of Cuvier, which 
ends by opening into the sinus vennsus, a common venous chamber attached to the 
caudal part of the primitive heart tube. The vitelline and the Umbilical veins also 
open into the sinus venosus independently. 

Anterior cardinal veins. These are two bilateral, longitudinal venous 
channels, one on each side, which drain blood from the upper limb and the 
cephalic end of the embryo into the sinus venosus through the two ducts of Cuvier, 
right and left. Each vein begins in the region of the developing eye, and by 
traversing through the developing head and the neck each ends in the region 
of the future thorax as above. Thus each anterior cardinal vein can be divisible 
into three parts cranial, nuchal and thoracic. 

, Cranial part. The cranial part of each anterior cardinal vein begins in the 
" 'cgion of the optic stalk and then coursing dorsally and caudally it enters in the 
developing neck region. In its course it lies medial tci the trigeminal ganglion, otic 
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vesicle and the cranial nerves from seventh to eleventh. After sometime, the portion 
of the anterior cardinal vein that lies medial to the otic vesicle and the cranial nerves 
disappear and a new venous channel is formed on the lateral side of the otic vesicle 
and the above cranial nerves. This new vein soon establishes its connection with 
the nuchal part of the anterior cardinal vein. This new venous channel also dis- 
appears at a later date. The portion of the anterior cardinal vein which now 
persists in the head-region is called the primary head vein . The primary head vein 
soon receives tributaries which are arranged into ventral and dorsal branches. 

The dorsal inhalants of the primary head vein arc ai ranged into three groups 
namely anterior, middle and posterior. The anterior tributaries drain the fore- and the 
mid-brain, the middle tributaries drain the cerebellum while the posterior tribu- 
taries drain the medullary regions. All these groups of tributaries are arranged in 
plexiform networks and from the networks of each group one stem vein emerges 
prior to its termination in the primary head vein. Thus, associated with the three 
groups of tributaries theic appear three corresponding stem veins anterior, middle 
and posterior. Subsequently the middle and the posterior stem veins are joined 
together by a communicating vein and likewise the anterior stem vein also joins 
with the middle stem vein. Thus a common venous channel is formed connecting 
the three stem veins. Then the three stem veins are detached from their connection 
with the primary head vein and consequently this common venous channel is also 
detached from its connection with the primary head vein. The detached posterior 
stem vein then goes down and establishes communication with the nuchal part of 
the anterior cardinal vein which forms the internal jugular vein. 

The persisting primary head \vcin that lies ventro-medial to the trigeminal 
ganglion and its ventral tributaries forms the cavernous sinus and the ophthalmic veins 
respectively. 

The common venous channel linking the three stem veins is displaced postero- 
latcrally by the developing brain and is subsequently transformed into the transverse 
and sigmoid sinuses. With the growth of the brain and its meninges the anterior and 
middle plexuses arc also displaced dorsally (towards the top of the adult brain) and 
form a net work of venous plexus disposed dorso-ventrally. The venous network 
meets with its fellow of the opposite side to form a curtain of common venous net- 
work. Along the dorsal border of this venous network the veins run together 
to form an elongated vein, the superior sagittal sinus Similarly another elongated 
vein forms at its ventral border from which the inferior sagittal and the straight sinuses 
develop. The superior sagittal sinus ends by opening into the left transverse sinus 
whereas the inferior sagittal sinus ends by opening into the right transverse sinus 
through the straight sinus. 

The detached middle stem vein between the common venous channel and the 
primary- head vein, which still retains connection with the latter, at first undergoes 
atrophy and subsequently 1 it is reformed as the svpenor petrosal sinus and is connected 
with the common venous channel which has now formed the transverse sinus. The 
inferior petrosal sinus is newly formed by extension of growth from the caudal end 
of the cavenous sinus and passes caudally to end into the internal jugular vein. 

Nuchal and thoracic parts of anterior cardinal vein. In the neck region the anterior 
cardinal vein develops into the internal jugular vein and at the root of the neck it 
receives the main venous trunk, the subclavian vein, from the superior extremity. 

As they enter the thorax the two anterior cardinal veins are joined together by 
a transverse venous channel. This tranverse venous channel subsequently develops 
into the Jefl innominate vein. The portion of the right anterior cardinal vein between 
this tranverse venous channel and the right subclavian vein, develops into right inno- 
minate vein. The portion of the right anterior cardinal vein from the transverse venous 
channel ~tcf the commencement of the right duct of Cuvier, forms the extra-peri- 
cardial part of superior vena cava. The intra-pericardial part of the superior vena 
cava is formed by the right duct of Cuvier. The terminal part of the right posterior 
cardinal vein which opens into it forms the terminal part of azygos vein, The short 
segment of the left anterior cardinal vein caudal to the transx’erse venous channel 
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(left innominate vein) retrogresses considerably due to diversion of most of the blood 
from left to the right side through the left innominate vein and forms the terminal 
part of the left superior intercostal vein. The intra-pericardial part of left duct of Cuvier 
also atrophies and its cranial part forms the ligament of the vena cava and its caudal 
part forms the oblique vein of the left atrium. 

According to Keith the left superior intercostal vein is a composite vein and 
represents three embryonic vessels, namely terminal part of left primitive jugular 

vein (left anterior cardinal vein 
caudal to the left innominate vein), 
extra -pericardial part of the left 
duct of Cuvier and the anterior 
part of the left posterior cardinal 
vein. 

The posterior cardinal veins and 
the associated venous systems. Three 
venous systems, posterior cardinal, 
subcardinal and supra-cardinal, arc 
found to develop in quick succes- 
sion within the abdomen during 
fifth and sixth week of intrau- 
terine life. They form the main 
venous channels draining the most 
of the parieties of the abdomen, 
the urogenital system and die lower 
extremities. Due to rapid growth 
changes each of these venous 
systems becomes extensively modi- 
fied in their form and extent and 
a scries of changes take place be- 
fore the establishment of the 
definitive veins. The following is a 
brief account of the sequence of 
events in these venous systems: 

The posterior cardinal veins 
arc two in number, right and left, 
and each lies longitudinally on the 
dorsal wall on either side of the 
descending aorta. Each of these veins begins in the region of the base of sacrum 
by the union of the venous tributaries from the corresponding inferior extremity 
and from the sacral segments. Passing vertically cranialwards each vein joins 
with die corresponding anterior cardinal vein to form the duct of Cuvier which ends 
in the sinus venosus. In its course it receives tributaries from the lumbar nnd 
thoracic segments and from the developing mesonephros (Wolffian body). 

During the sixth week of intrauterine life the venous networks from the gonads 
and the- mesonephros on each side run together to form a longitudinal venous 
channel known as the subcardinal vein which terminates in the posterior cardinal vein. 
Then the two subcardinal veins are joined together by a transverse venous cliannel 
which passes in front of the descending aorta. The level at which the transverse 
anastomosis takes place is taken to be the “renal level” because at a later date this - 
transverse venous cliannel is found to drain blood from the kidney. Subsequently 
both the pre-renal and post-renal segments of the left subcardinal vein completely 
retrogress; the post-renal segment of the right subcardinal vein also retrogresses but 
a part of its pre-renal segment persists and comes to the formation of a part of the 
interior vena cava. A new venous channel soon appears at the cranial end of the 
persistent pre-renal part of the right subcardinal vein and this vein grows out cranial- 
' iy and soon establishes a communication with the vena hepatis communis. 

? With the above changes in the subcardinal venous system most of the 
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posterior cardinal veins on both sides disappear completely except their extreme 
caudal and cephalic ends. 

With the disappearance of the posterior cardinal veins a new venous channel 
known as the supracardinal vein comes into being on each side between the subcardinal 
and the posterior cardinal veins 
and takes over the functions of 
the primitive posterior cardinal 
vein. It receives the segmental 
veins and joins with the per- 
sistent caudal end of the poste- 
rior cardinal vein. The supr- 
acardinal vein also joins with 
the renal transverse venous 
channel which joined the two 
subcardinal veins together. At 
the caudal end the transverse 
venous channel which joined 
the caudal ends of the two 
posterior cardinal veins becomes 
communicated to the suprac- 
ardinal vein. Then the post- 
renal segment of the left supra- 
cardina] vein disappearsand the 
transverse venous channel origi- 
nally connecting the two poste- 
rior cardinal veins at their 
caudal ends, becomes the UJl 
common iliac vein which now 
communicates with the right 
supracardinal vein. The post- 
renal segment of the right supr- 
acardinal vein develops into the rig. 184. The development of the interior vena cava 
post-renal segment of inferior 

vena cava while its pre-renal segment persists to form the caudal part of the 
azygos vein; its cranial part is formed by the persistent cranial end of the 
right posterior cardinal vein. The pre-renal segment of the left supracardinal 
vein persists to form the hemiazygos vein ; it joins with the cephalic end of 
the left posterior cardinal vein which persists to form the caudal part of the 
left superior intercostal vein, the latter opens into the hemiazygos. As the two 
supracardinals are also communicated together by two transverse anastomosing 
venous channels at the cranial part of their pre-renal segments the hemiazygos 
usually ends into the azygos. \' — 

\_yitelline veins. The vitelline veins carry blood from the yolk sac and are two in 
number, right and left. Both the veins enter into the embryo at the cephalic margin 
of the umbilical orifice lying one on each side of the vitelio- intestinal duct* Each 
vein at first terminates at the caudal end of the corresponding ventral aorta and 
when the caudal parts of the two ventral aorta: have fused together, it ends into the 
sinus venosus. 

Each vein in its intra-embryomc course passes through the septum transversum 
where it is joined by the corresponding umbilical vein to form a common vitcllo- 
umbilical trunk which ends in the sinus venosus. Subsequently with the separation 
of the sinus venosus from the septum transversum the common trunk is absorbed 
into the sinus venosus and die two veins are seen to terminate in the sinus venosus 
individually and separately. 

As the septum transversum is invaded by the liver diverticulum, both the vitel- 
line and the umbilical veins get entangled within the developing liver which split 
them into numerous irregular inter-communicating blood spaces, the sinusoidal 
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tissue of the liver. Thus with the development of the liver within the septum 
transversum and with the isolation of die sinus venosus into the pericardium from' 
the septum transversum the intra-embryonic course of the vitelline veins can be 1 
divisible into cranial, intermediate or intrahepatic and caudal parts. 

The cranial portion of each vitelline 
i (in , that is, the portion between the 
liver and the sinus venosus, is called 
the vena reretuns. After sometime the 
left vena revehens loses its connection 
with the sinus venosus and migrates to* 
wards right side and ultimately joins 
with the right vena revehens. This 
common vena revehens (common 
hepatic) forms the terminal part of the 
inferior vena cava, and the intra-hepatic 
part of the right and the left vena 
revehens draining the liver form the 
corresponding hepatic vein. 

The caudal part of each vitelline vein 
extends from tiie umbilical orifice to the 
liver. In this situation the two vitelline 
veins are joined together by three trans- 
verse venous channels and as the vite- 
lline veins now lie one on each aide of 
the duodenum the latter is transversely 
crossed by these venous channels. The 
cranial and the caudal transverse ven- 
ous channels pass across the ventral 
aspect of the duodenum whereas the 
intermediate transverse venous channel 
passes dorsal to the duodenum. 

The portion of each vitelline vein extending from the cranial transverse venous 
channel to the liver is called the vena advehens. The right vena advehens becomes 
the right branch of the portal vein whereas the left vena advehens together with 
the cranial ventral anastomosing channel forms the left branch of the portal vein. 

Subsequently the left vitelline vein is joined by veins from the mid-gut and 
fore-gut tubes, that is, the superior mesenteric and the splenic vein respectively, 
opposite the intermediate dorsal anastomosing channel; retrogession occurs in 
both the vitelline veins together with caudal anastomosing channel caudal to the 
dorsal anastomosing channel, and in the left vitelline vein between the cranial and 
the intermediate anastomosing cliannels. Thus the venous channel that persists 
becomes the trunk of the portal vein. To be more precise the portal vein is deve- 
loped by the persistence of a short segment of left vitelline vein opposite the dorsal 
anastomosing channel, the dorsal anastomosing channel itself and by the persisting 
right vitelline vein between the cranial and the intermediate venous anastomosing 
channels. 

The intrahepatic or the intermediate parts of the vitelline veins form the hepatic 
sinusoidal tissues which form the link between the portal and the hepatic veins. 

Umbilical veins- The vena umbilicalis impar is the main vein which carries 
oxvgenated blood from the placenta and traversing through the umbilical cold it 
reaches the umbilical orifice where it divides into right and left branches, the right 
and left umbilical veins. Each of the umbilical veins lies ventro-lateral to the 
corresponding vitelline vein and passes through the septum transversum. ' At first 
each umbilical vein joins with the corresponding vitelline vein to form a com' 
‘X -mon vitcllo-umbilical trunk which terminates in the corresponding horn of the 
sinus venosus. Subsequently when the sinus venosus migrates from the septum 
. transversum Into the pericardial sac the common vitcllo-umbilical trunk becomes 
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absorbed into the wall of the sinus venosus and consequently both the veins terminate 
individually into the sinus vcbosus. 

In its course through the septum transversum each of the umbilical veins gets 
entangled within the developing liver and thus each vein may be divided into 
cranial part, intrahepatic part and caudal part. The intrahepatic parts of both the 
umbilical veins become converted into the hepatic sinusoidal tissues. Both the 
cranial and caudal parts of the right umbilical vein completely disappear. With 
the disapperance of the right umbilical vein the left umbilical vein becomes much 
enlarged. Its cranial part (that is the part between the liver and the sinus venosus) 

. also disappears and the hepatic end of its caudal part becomes connected with the 
left vena advehens (which forms part of the left branch of the portal vein). 

Thus the whole volume of blood from the placenta has got to pass through the 
hepatic sinusoids which means a tremendous load on them and therefore a direct 
new venous channel is formed which connects the left umbilical directly across the 
back of the liver with the right vena revehens which now forms the inferior vena 
cava. This new venous channel is called the ducltis venosus. 

To summarise, it may be mentioned that with the disappeamce of the right 
umbilical and the cranial part of the left umbilical veins, blood from the placenta 
after passing through the persisting left umbilical vein reaches the inferior vena 
cava mostly by the ductus venosus and partly through the hepatic sinusoids and 
hepatic veins. 

After birth with the cessation of placental circulation the left umbilical vein 
becomes obliterated to form the ligamentum teres htpalis, and the ductus venosus, 
which also obliterates, becomes the ligamentum venosum. 

URINARY SYSTEM 

l 

The urinary system consists of a chain of organs, namely the kidney, ureter, 
urinary bladder and the urethra which are concerned in the elimination of waste 
products from the body in the form of urine. Of the above, the kidney forms the 
main organ of production, the ureter, the organ of transport to the reservoir, the 
urinary bladder and the urethra forms the final organ of disposal to the exterior. 

History in the development of kidney. Since very early part of develop- 
ment (fourth week of development) nature shows the signs of an attempt to form the 
excretory organ and after a series of frantic attempts towards the formation of the 
organ it succeeds in organising the definitive functioning kidney. The intermediate 
ceu mass of intra-embryonic mesoderm occupies its position on the dorsal wall of 
the embryo in between the paraxial mesoderm and the lateral plate mesoderm and 
forms a continuous column of cell mass which extends from the cephalic to the 
caudal end of the embryo. It is this intermediate cell mass which shorn successive 
regional growth activities from cephalic to caudal end, finally gives rise to the forma- 
' tion of the definitive kidney from its caudal part. At first the intermediate cell 
mass of the upper cervical region becomes thickened and shows changes comparable 
t to the structures found in the excretory organ (kidney), and the tissues concerned 
' in elaborating such changes are known as pronephros. Subsequently the prone- 
«■ phoros disappears gradually but the intermediate cell mass of the cervico-dorsi- 
lurabar region grows enormously and undergoes changes that lead to the formation of 
a type of excretory organ known as mesonephros. Ultimately the mesonephros also 
t disappears but the intermediate cell mass in the region of the pelvic cavity (sacral 
region) undergoes proliferation to form the basis of the metanephros or the definitive 
kidney. Thus the formation of kidney involves a series of changes in the interme- 
diate cell mass in which before formation of the metanephros or the definitive kindey, 
pronephros and mesonephros are formed and they disappear. The following is a 
[ brief outline about the sequence of events in those structures : 

Pronephros. During the early embryonic life, that is, during fourth and 
fifth weeks of fcetal life the cells of the intermediate cell mass in the upper cervical 
^ region become segmented strictly in relation to the different segments of the body 
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to form cords of cells. These cords of cells are roughly disposed transversely and 
each of the cords turns downwards at its lateral end. The caudal portion of the 
downturned lateral end fuses the downtumed lateral end of the succeeding cord 
of cells and in this way, when the last cord of cells is joined by its fellow just above 
it, a solid longitudinal tubular structure is formed known as the pronephric duel. 
Meanwhile the medial end of each segmented cord of cells fuses with the ccelomic 
epithelium and becomes canalised to open into the ccelomic cavity and this narrow 
canal is known as the nepkrostome canal. Subsequently a branch from the dorsal 
aorta invaginates into the ccelomic cavity adjacent to the medial end of the nephros- 
tomc canal and thus representing the formation of a glomerulus. This type of 
glomerulus is called an external glomerulus because it has failed to connect itself with 
the nephrostomc canal which now represents the nephrogenic tubules. Subse- 
quently the caudal end of the pronephne duct proliferates to grow caudally and in 
its course it descends along the lateral side of the mesonephroi which is now deve- 
loping, and finally it reaches the cloaca in which it ends. Pan patsu with the growth 
of the proncphric duct caudally, ns cranial part as well as the pronephros 
itself degenerate and disappear. 

In human subjects the pronephros forms a non-functioning element and the 
pronephric duct is formed by a solid cord of cells. The branch from (he dorsal 
aorta which invaginates into the ccetom represents the external glomerulus (because 
it fails to invaginate into the pronephric tubule) wliich is a special feature of the 
pronephros in contrast to internal glomerulus of both mesonephros and metanephros. 

Mesonephros. During the early part of development, the mesonephros is 
more extensive and occupies its position in the intermediate cell mass opposite the 
ccrvico-dorsi-lumbar region (from fifth cervical to the fourth lumbar segments) 
and its cephalic end overbps the caudal end of the pronephros. At about the end 
of the eighth week a considerable portion of it has undergone atrophy and it forms 
a conspicuous fusiform swelling on the dorsal wall extending from the level of the 
tenth dorsal segment up to the lower border of the third lumbar segment. The 
fusiform swelling projects into the ccelomic cavity and forms a ridge-hke elevation 
known as the mesonephric ridge on either side of the dorsal mesentery. On its medial 
side ihere lies the genital ridge. ' Both the genital and mesonephric ridges receive 
tlieir dorsal attachment by a common mesentery, the urogenital mesentery aud the 
pronephric duct descends caudalwards on its lateral side. 

The mesonephros differentiates into a series of tubules which can be divisible 
into mesonephric tubules and genital tubules. The mesonephric tubules are most 
numerous and arc secretory in function and each is invaginated at its medial end 
by a glomerular tuft formed by a branch from the dorsal aorta while its lateral end 
opens into tfie pronephric duct. The genital tubules are only few in number and 
are non-secretory in function. Each genital tubule is connected at its medial end 
Hitk lb? genial curd and at its lateral end with the pronephric duct. 

The mesonephric tubules. The cells of the mesonephros become segmented in a 
scries of spherical blocks which soon become hollowed out to ibrm the mesonephric 
vesicle. The number of the mesonephric vesicle is not strictly segmental in distri- 
bution like the pronephric tubules but there arc usually more than one vesicle in 
each segment of the body. Later on, the cells at the lateral end of each vesicle grow 
out as cord of cells which soon become S-sJiapcd and its free end joins with the 
pronephric duct which may now be called the mesonephric duet. The S-shaped solid 
cord of cells soon becomes hollowed out to form the mesonephric tubule which be- 
comes continuous with the lumen of the mesonephric duct. The proximal part of 
each mesonephric tubule forms its secretory part while its distal portion constitutes 
the collecting part of the tubule. Meanwhile the medial aspect of each mesonephric 
vesicle becomes invaginated by a branch from the dorsal aorta which forms the glo- 
merulus (internal) and the invaginated part or the vesicle forms the Bowman's capsule. 

In some animals tile mesonephros forms the permanent functioning excretory 
\ organ whereas in human subjects it is only temporarily functioning during the early 
jlpart of its development. 
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The metanephros or the definitive or permanent kidney. The metane- 
phros or the permanent kidney originates from dual sources. The secretory parts 
arise from the nephrogenic cord formed by the intermediate cell mass opposite the 
first and second sacral segments whereas its collecting parts are developed from the 
ureteric bud from the mesonephric duct. 

During the fifth week of fcetal life the mesonephric duct just prior to its entrance 
into the cloaca gives a hollow outgrowth in ‘the form of an evagination known as 
the ureteric bu<L/ Then the ureteric bud extends dorso-laterally and assumes a bul- 
bous end which invades into the nephrogenic cord opposite the first and second 
sacral segments. The nephogenic cord forms a cap-like investment over the bulbous 
end of the ureteric bud and is known as metanephric cap or nephrogenic cap. During 



URETERIC BUD 



Fig. 186. The termination of 
mesonephric duct into cloaca and 
the formation of ureteric bud. 

the seventh week, with further elongation of the ureteric bud, the metanephric cap 
together with the bulbous end of the ureteric bud is carried cramally to gam its posi- 
tion in the lumbar region where it lies dorsal to the mesonephros, and finally, at a 
later date, it assumes its normal posttion in «e dorsnlumbar region (from 11th 
thoracic to third lumbar vertebra). Meanwhile the bulbous <md of the uretcrie 
bud gives out two or three further outgrowths m the form of evaginations which 
form^the calyces majora. Further evaginations from the latter form the mnora 

which subs'equently give out the primary or straight colhct and the other Col- 
lecting portions of the renal tubules. Each straight collecting duct elongates 
considerably and protrudes into the metanephric tissue. 

few (3 or 4) terminal evaginations which present an arched appearance and _ are 
knot n i J, Siting 'Of the collecting duct system. Each ca^ m,„o, 

with its straight collecting ducts together with the =“rrO“ n d.ng 
constitutes the formation of the rudiment of the future rene Ws. The nuttmcplmc 
cap which invests the primordial evaginations from the ureteric bud, °“>S“ 
separately with each ureteral evaluation and thus P ;“'Sf r iS^„T 0 sTcmWn' 
nee (lobulated kidney). Later on the metanephric cap d '^ r ! n “‘“ 
tubules (Bowman’s capsules, 1st convoluted tubule and loop of Henic) and ^cachpOI 
the tubules is invaginated by a glomerulus exactly ^ tissue forms an 

phne tubule. Thence secretory tubule derived ^'”SSnd^uh=lUy 
S-shaped structure -around each of the arched c 5 .1 (formed out of 

the secretory tubules become continuous with the collecUng tubules &Tmowth 
the ureteric bild) which are massed into the , renal, pynnmnds. W* fhrtt «rpmu> 
the fissures in between the lobules are closed up YE character of the kidney 
from the contiguous sides and thus the primary > 

disappears and the smooth outline of the normal Y ‘ - j ureteric bud 
Jhe metanephric tissues around Ae zo°ne differenUatc into 

divides into inner and outer zones, i “ e ccm 
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secretory tubules (renal unit) whereas the cells t>f the outer zone form the interstitial 
connective tissues and the renal capsule. 

The arterial system of the developing kidney foils into two groups, temporary and 
permanent. While in pelvic position the temporal arteries supplying the nephrogenic 
tissue are those which arc derived from the dorsal aorta and the common iliac 
artery. While lying dorsal to the mesonephroi the mesonephric blood vessels in 



Tig. ICfl. Development of the secretory and collect 10 !? parts of the metanephrie kidney. 


series from eleventh thoracic to the fourth lumbar segments invade the growing 
kidney and form its second set of temporary blood vessels. Finally all the temporary 
blood vessels disappear except those opposite the second lumbar segment which form 
the definitive or the permanent arteries of the kidney. 

Tub Anomalies in the Development of Kidney : 

(l ) Anomaly of position. The ureteric Intd may fail to lengthen or its growth 
jnay be misdirected leading to the formation of the kidney within the pelvic cavity 
i— pelvic kidney. The discoid kidney usually lies in front of the vertebral column 



EMBRYOLOGY 


161 


opposite the bifurcation of the abdominal aorta. It may also lie either in front of 
the sacral promontory or in front of the sacro-iliac articulation. Occasionally 
the kidney occupies its position in the iliac fossa. 

m (2) Anomaly of form, (a) The fissures in between the lobules of the deve- 
lop' 0 .? kidney may fail to close up resulting in producing the lobulated kidney. 

(i) The nephrogenic cord of one side may fuse with the fellow of its opposite 
side cither at their caudal (usual) or at their cephalic end across the median plane to 
give rise to the formation of horse-shoe-shaped kidmy. The horse-shoe-shaped kidney 
is usually supplied by multiple segmental arteries. 

(e) Sometimes in cases where two kidneys are fused together at their poles a 
single elongated kidney is formed on one side of the vertebral column, the hilum of 
the’ kidneys being directed on the same side. 

(</) Occasionally two kidneys are fused at their poles in such a way so that the 
hilum of one being directed diametrically opposite to that of the other and thus 
giving rise to the formation of S-s hoped kidney. 

(e) Occasionally two kidneys may be found fused together opposite their hilum 
giving rise to a single discoid kidney. 

(f) Occasionally the two fused kidneys may present an irregular form. 

(3) Anomaly of fusion.^ - The collecting tubules developed from the ureteric 
bud may fail to fuse with the secretory tubules developed from the nephrogenic 
tissue giving rise to the formation of polycystic kidney. 

(4) Anomaly of formation of ureteric bnd. The ureteric bud may divide 
to give rise to forked ureter or more than one ureteric bud may form to give rise 
to double or triple ureters. 

(5) Anomaly of number. The nephrogenic element mav be divided into 
two portions giving rise to two kidneys in each side. Occasionally there may develop 
only one kidney or rarely the two kidneys may fuse together to form one fused 
kidney. 

(6) Vascular anomalies. Vascular anomalies of indefinite pattern are 
usually associated with the fused kidneys. Change in position of the kidney is also 
associated with change in its vascular supply. Thus when it is pelvic in position the 
kidney derives its blood supply from cither the iliac a r t*rjVs or from the bifurcation of 
the abdominal aorta. Vascular anomalies in case of a normal kidney may also occur 
in the form of aberrant renal arteries. 

The urinary bladder. The urinary bladder has two sources of origin. The 
greater part of it is formed by the ventral part of the cloaca (< , ntodermal) while a 
small part,” the trigonal area, is developed from the fused caudal ends of the mesone- 
phric ducts and- from the median septum (mesodermal) into which they are 
embedded and which subdivides the cloaca into ventral and dorsal parts. 

At the caudal part of the embryo the hindgut ends in a pouch-like dilatation 
known as the cloaca at the ventral end of which the allantois opens, and dorso-latera- 
lly, the two mesonephric ducts, one on each side, open. The mesonephric ducts are 
embedded into a 'median mesodermal septum known as the cloacal septum which 
extends from the dorso-lateral aspect of the hindgut and intervenes between the 
allantois and the hindgut. The cloacal septum extends cranio-caudally and divides 
the cloaca into ventral and dorsal portions. The ventral portion constitutes the urogenital 
sinus portion of the cloaca and into it the mesonephric ducts and the allantois open. 
The mesonephric duct just prior to its entrance into the urogenital sinus gives out the 
ureteric bud which subsequently develops into the ureter and the collecting portions 
of the renal tubules. 

After subdivision of the cloaca the growth activities become more manifested 
in the urogenital sinus opposite the region of the openings of the mesonephric ducts 
and as a result, the ureteric bud arising out from the mesonephric duct becomes 
embedded within the urogenital sinus and the adjacent portion of the mesonephric 
duct becomes an U-shaped loop and is displaced dorso-caudal to it. Ultimately 
II 
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the ventral limb of the U-shaped loop of the mesonephric ducts become absorbed 
into the wall or die urogenital sinus — its dorsal loop gaining its fresh attachment 
more caudaily into that portion of the urogenital sinus which is destined to form the 
urethra. The portion of the urogenital sinus between the allantois and the upper 
limit of the openings of the mesonephric ducts grows out of proportion to the rest, 
and finally develops into the urinary bladder. 'Die portion caudal to it containing 
the openings of the mesonephric ducts does not show much growth activity and 
remains as it is to form the piostatic portion of the urethra (up to the openings of 
the ejaculatory ducts) in the male, and in the female, the whole of the female urethra. 
The allantois undergoes retrogression to form the urachus. 

The Urethra. The urethra in the female is formed by the urogenital sintis 
portion of the cloaca beyond the opening of the mesonephric duct into it. 

In the male the urethra up to the opening of the ejaculatory duct is formed by the 
urogenital sinus portion of the cloaca (entodcrmal) ; between this point and the 
glans penis the urethra is formed by fusion of the urethral folds (entodcrmal) while 
the glandal part of the male urethra is formed bv canalisation of an ectodermal cord 
of cells that penetrates through the glans. 

Fate of the Mesonephros. At about the filth week or fcctal life degenera- 
tion starts at the cephalic end of the mesonephros and the process gradually extends’ >■ 
caudaily until the ninth wefck when only some remains of the mesonephric tubules 
and persistence of some genital tubules exist. 

In the female. The persistence of a few of the genital tubules of the Wolffian body 
in the female occupy their position within the mesosalpinx in between the ovary anti 
the uterine tube and give rise to the formation of the (poop boron. A few of the mesone- 
phric or Wolffian tubules that persist lie between the ovary and the uterus within 
the broad ligament and form the paroBphoron. 

In the male. The genital tubules to die mesonephros in the male persist and 
effect the union between the genital gland and the mesonephric duct and give rise 
to the formation of the tasa ejferentia and eon: lascolost. The remnants of some of thc r 
Wolffian tubules are found in the - globus minor or the tail of the epididymis and in 
the cord. In the globus minor they form the tasa aherranlia whereas in die cord,’ 
above the head of the epididymis, they form the parrnfic<>wm (organ of Giraldes). 

The rasa aherranlia forms a blind tube connected with the tail of the epididymis 
or the globus minor and may be found to be extending upwards in between the body 
of the epididymis and the commencement of the vas deferens. Developmental!/ 
it forms a mesonephric tubule that has failed to establish connection with the genital 
gland but has done so with the mesonephuc duct. The paradidymis or the organ of 
Giraldes may be found in association with the vas deferens in front of the lower 
part of the cord just above the head of the epididymis as a sessile swelling. It re- 
presents the remnants of the caudal portion of the mesonephros. 

The appendix of the testis, a small sessile body on the top of the testis under 
cover of the globus major or the head of the epididymis, forms the embryonic rem- 
nants of the free end of the paramesoncphric duct and represents the fimbriated > 
end of the uterine tube of the female in the male. The appendix of the epididymis, 
a sessile body found to be attached on the top of the head of the epididymis, is formed 
by the blind upper end of the mesonephric duct. 

The fate of the mesonephric or the Wolffian duct. In the female. The 
Wolffian duct in the female usually disappears completely injts cranial part; occa* . 
sionallyjts .caudal .part persists as the duct of Gartner . Its blind cranial end ~occa~- 
sionally may^ be persistent to form a hydatid or a sac-like dilatation which remains 
attached to the mesosalpinix at the fimbriated end of the uterine tube. When it is 
present it may become the site of cyst formation occasional/. ». ? 

^ The duel of Gartner when persists, extends along the side of the body of the uterus “> 

5 the cervix uteri and then prolongs further downwards along th ei_ven trola teral 
of the vagina and ends by opening into the vestibule just beyond the hymen. . _ 
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In the male. The Wolffian duct persists in the male and the following structures * 


arc derived from it: 

( Ij./I^hc head, 
body and 
the tail of 
the epidi- 
dymis. 

(2J/Vas defc- 

* rens. 

(3) Seminal 
u vesicles. 

(4) Ejaculatory 

* duct. 

' (5) Ureter and 

the collect- 
ing part of 
the renal 
tubules. 



(G) Appendix of 
^ the epidi- 
dymis. 


I ijj |RO. D>a*ra-nmauc reprepxiutttnu to show ihe relation? of ihe 
fviramrs-wplinr and the me? mrphrir dn ts and th<- forma Lons 
of die uterus and ill** utenn* tube? 


The origin and fate of the pararaesonepbric or the Miillcrian duct. 
During the sixth week of fecial life the coelomu epithelium \ cntrolatcral to the 
cranial end of the mesonephros becomes invagmated m the form of a funnel. Solid 
growth from the apex of this funnel-shaped invagination extends caudalwards within 
the Wolffian ridge on the lateral side of the Wolffian nr the mesonephric duct. 



■rrftoncphnc ducu thus he side by >de “ form a median mesodermal 

f 5Sio form th T^nZ Zd. Finally, they open into the dorsal wall of the 
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urogenital sinus portion of the cloaca in between the openings of the mesonephric •• 
ducts. Then the pelvic portions of the two paramesoncphric ducts become canalis- 
ed and then fuse with each other — the process taking place in a caudo-cranial 
direction to form the utero-vaginal canal. Until the end of the seventh week the 

nature of development of 
the paramesoncphric 
ducts as described above 
persist in both the sexes. 
Subsequently, differentia- 
tion in growth of the ducts 
becomes drastically 
changed in the two sexes. 

In the male. They al- 
most completely disappe- 
ar except their extreme 
cephalic and caudal ends. 

Its cephalic end forms the 
appendix of the testis 
whereas its caudal end 
forms the prostatic utricle 
which represents llie 
fig. 191. A farther mge of figure 190. uterus and the vagina in 

the male. 

In the female. The Mullerian or the paramesoncphric ducts in the female 
show marked growth activities and persist in their entire length to form the uterine 
tube, uterus and vagina (for details see genital system) . 

THE GENITAL SYSTEM 

The genital system consists of the genital glands, the genital ducts, the genital 
passages and the external genitalia, all of which, though indistinguishable sexually 
until sometime during the early part of development, acquire sexual differences in 
the two sexes at a later date. 

Tiie Gonads or the undifferentiated Genital Glands. At about the fourth 
week of fatal life the mesothelium (lining cells or the peritoneum) on the ventro- 
medial aspect of the mesonephros on each side proliferates rapidly so as to form a con- 
spicuous swelling, the gonad or the undifferentiated genital gland. As the gonad gains in 
bulk it is seen to be connected with the mesonephros by a fold of peritoneum known 
as the genital mesentery and both the mesonephros and the gonad are connected to 
the dorsal wall by a common mesentery, the urogenital mesentery. Thus the urogenital 
mesentery together with the gcn'ita'l g'lancl and the mesonephros resemble an Y-shaped 
swelling, the stem of the figure representing the urogenital mesentery, the medial 
limb, the gonad with its mesentery whereas the lateral limb representing the mesone- 
phros with its mesentery. Further development of the gonads results in the differen- 
tiation of the genital glands with sexual characteristics. In the male it develops into 
testis whereas in the female it develops into ovary. 

The Testis and its duct. The gonad or each rids in the male develops into 
testis and the genital mesentery attached to it is called the mesorchium. Sexual 
characteristics in the gonad cannot be identified until seventh week when with 
appearance of the tunica albuginea, in case of testis, the sexual characteristics are 
definitely established histologically. 

The epithelial cells (mesothelium) covering the ventro-medial aspect of the 
mesonephros proliferate rapidly and grow into the subcpithelial mesodermal tissue. . 
Hie underlying mesodermal tissue develops into fibrous bands which invade into 
the growing epithelial bud and split it into cords of cells known as the testis cords. 
i* The testis cords become looped, tortuous and anastomose with one another 
" freely and converge towards the mesorchium where they form networks of cord3 with- 
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in a mass of fibrous tissue. Meanwhile, during the seventh week, the mesoder- 
mal "tissue subjacent to the 
epithelium develops into a 
tough membranous structure 
which surrounds the cords 
of cells. This membrane 
forms the tunica albuginea. 

The network of testis cords 
opposite the mesorchium 
forms the rete testis and the 
fibrous mass, within which 
the rete is entangled, forms 
the mediastinum testis. The 
testis cords then differentiate 
into seminiferous and straight 
tubules. The testis cords 
are at first solid cords of cells 
and subsequently during the 
sixth month they become 
canalised and acquire their 
lumen. Concurrently with 
the appearance of the lumen 
in the testis cords well-de- 
fined fibrous septa are seen 
to develop which subdivide the testis into different compartments or lobules. Dur- 
ing the process of development some of the epithcloid cells get detached from the 
testis cords and these isolated epitheloid ceil forms the interstitial cells of the testis. Of 
the three coverings of the testis the most 
superficial one is formed by the tunica 
vaginalis which represents the peritoneal 
covering of the gonad; the tunica albuginea 
develops in situ by differentiation of the 
subepithelial mesodermal tissue (already 
described) whereas the tunica vasculosa is 
formed by the intricate vascular plexus 
derived from the vessels supplying theorgan. 

The gonads receive a series of blood 
vessels from the dorsal aorta but that which 
arises from the level of the 12th dorsal 
segment persists to form the testicular 
artery. It receives its nerve supply from 
the tenth dorsal segment of the spinal cord. 

During the third month of fcetal fife 
the genital tubules of the mesonephros 
effect a connection with the rete testis and 
form the vasa efferentia whereas the canal 
of the epididymis and the vas deferens ' 
being formed by the mesonephric duct. 

Descent of the testis. As growth follows and the embryo gains in length 
the gubemaculum testis which shows less growth activity becomes relatively short- 
ened. Its lower end having extensive attachment, acts as a fixed point and, as the 
gubemaculum testis gradually shortens, it drags down the testis, the peritoneum 
and the mesonephric duct. A balanced traction from different strands of the 
gubemaculum testis drags the testis, peritoneum and the mesonephric duct through 
inguinal canal into the scortal sac. The peritoneum being dragged, a tubular 
peritoneal pouch known as the processus vaginalis is formed and precedes the descent 
of the testis and its duct into the scrotum. Later on, the walls of the neck of the 



Fig, 193. A further stage of 6gure 192, 



Fig. 192. D'agrammatic representations to Show the 
gonad, mesonephros, suprenena 1 gland and their relations. 
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Hr. 191. A furthtr stage ol figure 193. 

tunica vaginalis, gives rise to enlarge- 
ment of the scrotum causing a condition 
known as hydrocele. When the fluid collects 
in between the paiictal and visceral 
layers of the tunica vaginalis it is known 
as the vaginal hydrocele. In some cases the 
processus vaginalis remains patent and 
a collection offluid into a patent vaginaL 
sac is known as the congenital hydrocele. 
In some eases the processus vaginalis is 
shut off from the peritonea! cavity but 
it remains patent below and a collec- 
tion of fluid into the vaginal sac under 
this condition is known as the infantile 
hydrocele. Hcic the scrotal swelling 
extends upwards along the spermatic 
cord. Sometimes the processus vagin- 
alis is obliterated bout at the deep 
inguinal ung and opposite the head of 
the epididymis hut I'cmains patent in 
the intermediate portion and a collec- 
tion of fluid into this patent sac is 
known as the encysted hydrocele of the cord 
Sometimes a localised swelling on 
the head of the cpidtd) mis is known as 
the encysted It) drocele of the epididymis or 
spermatocele. 

The ovary and its duct. Until 
seventh week the genital ridge develops 
in the same way in botli the sexes. 

,Sv During seventh week sexual differences 
become manifested with the develop- 
ment of a well formed and thick tunica 


processus vaginalis fuse together 
and the canal is obliterated in its 
segment that lies within the in- 
guinal canal while its distal 
blind scrotal segment persists to 
form the serous covering of testis 
• — the tunica vaginalis. 

During the third month of 
fcctal life lire testis comes down to 
the iliac fossa, during the seventh 
month, into the inguinal canal, 
and finally it reaches the bottom of 
the scrotum at or soon after birth. 

Applied Anatomy . — Due to de- 
fective traction the testis may not 
come out of the abdominal cavity 
at all or it may be lodged some- 
where in the inguinal canal or 
it may descend into the inner side 
of the thigh or its complete descent 
may be unusually delayed. 

Collection of serous fluid with- 
in the serous covering of the testis, 



fig. 193 Tlie processus vaginalis and the 
descent nf the testis (early stage). 

Witli kind prrmiiuon: From Callander; Surgical 
Anatomy 2nd ed 1939, W. B Mtlridro 
company, tlnladtlphta awl London. 
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PATENT VAGINAL PORTION’ 
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VAGINALIS PERITONEI 
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albuginea in case of the male genital 
gland (testis) whereas in the female 
genital gland (ovary) this is insigni- 
ficantly thin and ill defined. 

The cellular cords from the sur- 
face epithelium that invade the under- 
lying stroma arc known as medullary 
cprds. The cells of the medullary cords 
contain, amongst ordinary epithelial 
cells, a few germ cells which are usually 
larger than the former. Each of the 
germ cells is surrounded by the smaller 
epithelial cells in the form of a follicle, 
the primordial follicle. The primordial 
follicle receives an investment from the 
stroma which constitutes the theca 
Colliculi. Thus the developing ovary is 
seen to contain numerous primordial 

follicles embedded in a mass of stroma .. i- because no 

and is surrounded by a layer of the proliferatmg ffnamal 

capsule of the nature of tunica albuginea develops beneath the suilhce , t ' ' J, 

P The unfused lumbar portion of the para-mesonephi.c due ; 
uterine tube, lies beside the genital ridge becomes attached to the developing y 
by its cranial end and constitutes the oviduct or fallopian tube. 

THE EXTERNAL GENITALIA AND THE GENITAL TRACT 

The external genital organs up to certain stage oMwdopmgl 0^?^ > 
remain undifferentiated and subsequently sexua WO sexes. In both the 

sexes become distinguished owing to differential P 0 ' . . th c i oaco l membrane 
sexes, the external genital organs are fashtoned m re all, an to the CIO; sc cloaral 

as a result of changes both in and around this structure. It is Known 


IDG The processus vaginalis and the 
descent of the testis (late stage), 

\\ jih kind permission : T rom Callander : Surgical 
Anatomy, 2nd cd. 1939, W. B. Saundm 
company, Philadelphia and London. 



t r • .e •).> petnderm and the entoderm at the 
membrane is formed by the t he cloacal membrane the mesodermal 

caudal end of the embryo, and "^^^^ entoderm. At about the end 
tissue intervenes in between t J^ c . ct ? t the vcntr al end of the cloacal membrane 

ns the ge,ve, fu it rrl, Similnr.y 
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the mesodermal tissue on either side of the membrane also becomes thickened 
to form a rim-like elevation known as the inner genital fold. Subsequently, at 
about the seventh week, the cloacal membrane gives way and the cloaca becomes 
communicated with the exterior. Meanwhile the urogenital septum has grown 
sufficiently to isolate the bladder from the rectum. The fissure which communicates 



Fig. 193. D.agrammai.c representations of the stages in development of the external 
genual m m the male. 


the cloaca externally is known as the urogenital cleft which is bounded on either 
side by the inner genital folds. At about the eighth week another bilateral 
swelling appears lateral to or outside the inner genital fold and is known as the 
outer genital fold or the cloacal fold or the genital swelling. 

In the male. The genital tubercle rapidly elongates with a patch of ectodermal 
tissue at its free end. The urogenital sinus extends along the ventral surface of this 
elongated genital tubercle as a groove, the margins of which become continuous with 
the inner genital folds. The inner genital folds, which form the margins of the 
urogenital cleft, then unite opposite the median plane to form a continuous canal, 
the urethra (prostatic portion lying above the ejaculatory ducts, bulbous and penile 
portions lying below the opening of the ejaculatory ducts). The outer genital folds 
on either side also fuse in the median plane to form the scrotum. The ectodermal 
cap on the free end of the genital tubercle develops into the ectodermal epithelial 
lining of the glans penis and the line of fusion between the glam and the body of penis 
being marked by the coronal sulcus and the fold of skin that is reflected from it 
on the surface of the glans forms the prepuce. A cord of ectodermal tissue bores 
through ihe centre of the developing glans from its tip. This becomes canalised and 
forms the glandal portion of the urethra. The glandal portion of the urethra subsequent- 
ly becomes continuous with the entodcrmal urethra formed by the fusion of the 
genital folds. 

In the female. The genital tubercle remaim rudimentary and forms the clitoris. 
The inner genital folds remain unfused to form the labia minora. Secondary growth 
from the ventral ends of the labia minora forms the ptepuee and the frenum. The 
outer genital swelling remains unfused mostly to form the labia majora on either side 
while their dorsal ends fade away in the surrounding tissue. The posterior ends of 
the inner genital folds meet within the urogenital depression to form the fourcheUe, 
The unfused urogenital cleft forms the vestibule of the vagina and the bulb of the vestibule 
> into which the urethra opens. 

Formation of the uterus and the vagina. Tire pelvic portion of the para-mesonephric 
J or the Mullerian ducts meet together opposite the median plane within the genital 
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cord during the early part of the third month of fcttal life. The walls of the two 
Mullerian ducts lying in contact with each other fuse together in most of their extent 
opposite the intermediate situation and remain unfused for a small extent both at 
its caudal and cranial ends. The fusion results in the formation of a single canal 





pip log Diacrammatic representations of the stages in the development of the 
‘ external genitalia in the female. 


known us the llwH« I canal ut the both cncb of which the two Miillarian ducts 
still remain unfused. The utero-vagmal canal gives rise to the fomtatton of the body 
and the cervix of the uterus and the upper | of the vagina. The fundus of the uterus 
being formed by the fusion of the two Mullanan ducu at the crarnal end or the 
utero-vaginal canal at a later date. The nnfused porbons of the M ullanan ducts at 
the caudal end of the utero-vaginal canal form two cord ot cells, the oapnal cord, 
and each ends in a bulbous termination, the m$.na bulb winch , comes m contact 
with the wall of the urogenital sinus. The vaginal rot* of «lb grow out and 
elongate pushing the wall of the urogenital sums. Subsquently the central por . 
tion of the caudal ends of the Mullerian or the w^nal 1 bulta penetrate through 
the wall of the urogenital sinus and reach the pudendal cleft or the opening of the 
urogenital sinus At a still later date the vaginal cords fuse together and the 
central portion" or the fused vaginal cord- undergo dissoluUon and thereby 
forming the lower-third of the vaginal canal and the open mg of the hymen. 
Wien the vaginal bulb pushes the wall of the urogenital sinus in front of 
it, some of The mesodermal element winch surrounds the vaginal bulb i„ tcr . 
venes between the vaginal bulb and the wall of the urogenital sinus. This 
mesoderraaTelement together with the wall * thTSL 

lies in front of the vaginll bulb gives rue to tl.e formation of the hymen. 
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CENTRAL NERVOUS SYSTEM 

The central nervous system develops earlier during presomite stage from the 
embryonic ectoderm which differentiates into a condensed elongated area in front 
of the Henscn’s node opposite the axial region of the body. This elongated area of 
ectodermal condensation is known as the neural plate which overlies the notochord and 
the medial portions of the paraxial mesoderm, and extends cranially as far as the 
cranial end of the notochord. The margins of the neural plate then grow more 
rapidly than its central poition and they become raised above the general level of the 
surface ectoderm to form the neural folds. Tiie groove formed between the margins 
of the ncui al folds is called the neural groote. The 
neural groove then gradually deepens and elon- 
gates with the elongation of the bodv. Due to 
differential growth, its cianial end becomes 
broader and bilobed so as to form two bilateral 
elevations. By the seventh somite stage the two 
lateral mat gins of the neural groove meet toge- 
ther dorsally opposite the region of the foui th to 
the sixth somites to form the neural tube. By four- 
teenth-somite stage the margins of the unclosed 
portion of the ncuial gioovc fuse together com- 
pletely both crarially and taudally except oppo- 
site its extreme ends. The open ends of the 
neural tube arc called neuropores, that opposite 
the cranial end is called anterior neuropore while 
that on the caudal side is railed the posterior 
neuropore. 

At this stage the portion of the neural tube from die anterior neuropore to the 
level of the caudal part of the fourth somite constitutes the primordium of the future 
brain and the rest of the neural tube foims the primordium of the spinal cord. 

By twentieth-somite stage the ncuroporcs are closed completely. Before 
closure of the neuroporcs die caudal poi tion of the neural tube communicates tem- 
porarily with the hind-gut through the ncutentenc canal. 

After completion of its formation the neural tube becomes separated from the 
surface ectoderm and a chain of ertodermal cells appears in the angle between the 
surface ectoderm and the neural tube and tlus chain of ectodermal cells is called 
the neural crest. Tire neural crest provides the basis of formation of the sensory 
ganglia of the spinal and cranial nerves, sympathetic ganglia, cluomafTin organs and 
the ncurolemma sheath of the nerves. 

The bi-lobed anterior part of dre neutral plate which extends cranially beyond 
the tKrtachaed, iafer at, becermes the fyr&i vsw« err the pnssmoep/tshtr, (he mow 
band behind it up to the first somite, becomes the mid-brain or the mesence- 
phalon and the cephalic part of the rhombencephalon, while the remaining 
portion up to the level of the caudal part of the fourdr somite becomes the caudal 
part of the hind- brain or the rhombencephalon. At this stage, on either side of 
the region of the mesencephalon and the ccplialic part of the rhombenccphaton, 
is a thickened ectodermal condensation known as the otic placode from which, 
subsequently, the internal car develops. Behind the future prosencephalon the 
still exposed anterior end of the neutral plate becomes thickened which forms 
the primordia of the thalamic region. The optic groove on either side of die 
thalamic region becomes a lateral diverticulum known as the optic tesicU of the pro- 
sencephalic cavity. 

As soon as the anterior neuiopore is closed the brain end of the neutral tube 
shows three well defined dilatations, one opposite the prosencephalon, one opposite 
the mesencephalon and one opposite the rhombencephalon and are called the 
proscnccphalic, mesencephalic and the rhombcnccphalic cavities' respectively. 

Subsequently owing to differential growth in the three primary vesicles and 





r« 200. A transverse section of a 
developing embryo (microphotograph). 
N’oic the position of the neural tube, 
notochord and dorsal aorta 
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with the formation of head fold, three flexures develop which are known as primary 
brain JUxnrts. During the fourth week of foetal life the first primary brain flexure 
appears opposite the region of the mid-brain and is 
known as the mid-brain Jiexure. Soon after the appearance 
of the mid-brain flexure the second primary flexure known 
as the cervical Jiexure appears between the spinal cord and 
the mid brain. In tills flexure the spinal cord makes al- 
most a right angle with the hind brain. The third primary 
flexure known as the pontine Jiexure appears last opposite 
the future pontine region, and presents a convexity for- 
wards in constrast to the first two flexures having con- 
cavity forwards. The limiting sulcus on cither side of the 
spinal cord which divides each half of the spinal cord into 
basal and alar lamina:, also extends into the hind- and mid- 
brain along their lateral aspects and subdivides them into 
ventral or basal and dorsal or alar lamina:. 

Of the three primary brain vesicles the first pritnai y 
brain vesicle is the earliest to develop and even prior to its 
development the primordia of their optic paginations make 
their apnea ranee at the junction of the fore-brain and the 
mid-brain. By a process of differential growth the cerebral 
hemispheres, corpus striatum and the thalamus arc diffe- 
rentiated later on Horn the primordium of the fore-brain 
and the cavity of the first brain vesicle becomes modified 
to form the lateral and third ventricles. From the second 
primary brain vesicle the mid-brain and its cavity, the 
cerebral aqueduct, develop while from the third brain 
vesicle the pons, medulla oblongata, and cerebellum are 
developed. The cavity of the hind-brain vesicle becomes 
the fourth ventricle. 



SPINAL CORO 
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I ig, 201. A diagrammatic 
representation to show the 
changes m the neural canal 
that mould it to the for- 
mation of the brain and 
the spinal cord. 


The telencephalon or the fore-brain consists of the cere- 
bral hemispheres and they appear as two paginations from the primary brain vesicle 
during the sixth week of festal life. Soon after, these evaginations or cerebral vesicles 
gain in bulk in all directions except opposite the floor plate where they form two small 
thickenings, the primordia of the corpus striatum. The portion of the brain tube just 
caudal to the cerebral vesicles is formed by the dienccphalon which, at this stage, is 
completely hidden from view by the developing cerebral vesicles. The mesodermal 
tissue surrounding the brain vesicles shows differential growth opposite the median 
plane and dips into the cleft formed between the developing cerebral vesicles opposite 
the median plane and forms a partition, the future falx cerebri, which demarcates the 
cerebral vesicles into two cerebral hemispheres. This demarcation into cerebral 
hemispheres starts at first posteriorly and then gradually proceeds forwards. The 
medial surface of each cerebral hemisphere is very thin at this stage and a vascular 
mesodermal tissue at the posterior end invaginates into the cavity of the hemisphere 
pushing in front of it the thin medial wall of the hemisphere. This vascular meso- 
dermal tissue later on differentiates into the choroid plexus of the lateral ventricle 
and the fissure formed by die invagination is the choroidal fissure which extends as 
far forwards as the interventricular foramen. 


Corpus Striatum. Concurrently with the above changes the strial primordium 
opposite the floor of each cerebral vesicle has gained much in thickness and bulges 
into the cavity of the brain vesicle {lat. ventricle), subsequently the developing 
fibres coming to and from each hemisphere pass through the strial body and split 
it into ventro-lateral and dorso-medial parts. The ventro-Iateral part develops into 
the lentiform nucleus whereas the dorso-medial part forms the caudate nucleus ; the 
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traversing fibres between them become the internal capsule. The internal capsule 
together with the Ientiform and caudate nuclei presents a striated appearance due to 
the white fibres traversing through the darker nuclei and the whole mass is known as 
the corpus striatum, 

GENICULATE GANGLION OF Mtt« VII HmtNCEFHAlON 



fig. 202. Diagrammatic representation to show the developing nervous system. 


Cerebral Commissures. It may be remembered that, for sometime, both 
the ventral and dorsal ends of the neural tube remain open and the openings arc called 
anterior and posterior nucroporc respectively. Both the ncuropores are dosed at a 
later date, and the closing membrane of the anterior neuropore is known as the 
lamina tcrminalis. Opposite the ventral part of the lamina tcrminalis a bundle of 
fibres known as the anterior commissure connects the olfactory tract and hippocampus 
of one side with that of the opposite side. Dorsal to the anterior commissure another 
bundle of fibres known as the hippocampal commissure connects the hippocampal gyrus 
of one side with that of the other side through the fornix on the lamina tcrminalis. 
The corpus callosum, the largest band of commissural fibres, connects one cerebral 
hemisphere with the other and crosses in the lamina tcrminalis dorsal to the hippo- , 
campal commissure. At first it forms a small bundle of fibres but soon it develops 
rapidly both forwards and backwards to form a large bundle to which other fibres 
arc also added. With the rapid growth and expansion of the corpus callosum the 
paraterminal body together with the rest of the lamina tcrminalis becomes stretdied 
and thinned out to form the septum lucidum. 

Diencephalon. During the earlier part of sixth week of fcctal life the dicn- 
cephalon, wliich constitutes the dorsal part of the forebrain, consists of a thin roof- 
plate, a floor plate, two lateral walb and a cavity within, which later on, forms 
the third ventricle. At this stage if a sagittal section is made, each lateral plate shows 
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a groove which runs obliquely from the floor of the mid-brain to the optic recess and 
is known as sulcus hjpothalamictts, The sulcus hypothalamicus subdivides each lateral 
plate into upper thalamic region and lower hypothalamic region. The cells of the epen- 
dymal zone of the thalamic region proliferate rapidly to form a projecting mass, 
the thalamus, towards the cavity of the third ventricle. Below the hypothalamic 
sulcus the hypothalamus proper together with the infundibulum, pituitary body, 
tuber cincrium, mamillary bodies and the posterior perforated substance, can be 
seen to develop. Just below the roof-plate and above the thalamus the structures 
of the epithalamus, namely, the pineal body, trigonum habenula and the stride 
habenula: arc developed. The roof-plate itself develops into choroid plexus of the 
third ventricle during the second month of fetal life. 

MESENCEPHALON 

After the appearance of the primary brain flexures the mesencelphalon or the 
mid-brain forms the most conspicuous feature of the neural tube. But subsequently 
it fails to show the same rate of growth as the fore- and hind-brain and consequently 
it remains as a narrow band of neural tube interposed between the hind- and the 
fore-brain. Its walls, namely, floor-plate, roof-plate and lateral walls, gain considerab- 
ly in thickness and as a result the cavity of the mid-brain is reduced to a narrow 
passage, the aqueduct of the mid-brain. Cells from both the basal and alar lamina: are 
represented into it ana those of the basal lamina migrate into its floor-plate and 
are arranged into small clusters to form the nuclei of the third and the fourth cranial 
nerves. The red nucleus, the cells of which arc believed to be derived from the 
alar lamina, is also located in the floor-plate. The cells of the alar lamina migrate 
to the roof-plate to form the quadrigeminal bodies. 

RHOMBENCEPHALON OR THE HIND-BRAIN 

The rhombencephalon or the hind-brain consists of pons, cerebellum and the 
medulla oblongata and develops from the hind-brain vesicle, and its cavity becomes 
modified to form the fourth ventricle. The hind-brain vesicle can be divisible. into 
cranial and caudal parts known as metencephalon and myclencephalon respectively. 
From the metencephalon the pons and the cerebellum develop whereas the my- 
elenccphalon gives rise to the development of the medulla oblongata. The cavity 
of the hind-brain vesicle, which later on forms the fourth ventricle , is continuous 
with the central canal of the spinal cord caudally and with the aqueduct of the 
mid-brain cranially. It consists of a roof-plate, a floor-plate and two lateral 
plates, one on each side. As in the spinal cord, the sulcus limitans, which appears 
on either side on each lateral plate, subdivides the neural tube into ventral or basal 
lamina and dorsal or alar lamina and the cells in these lamina are arranged into 
inner or ependymal, outer or marginal and intermediate or mantle zones. 

Myelencephalon, With the appearance of the pontine flexure the roof-plate 
of both myclencephalon and metencephalon becomes very much stretched and 
thinned out to form the superior and inferior medullary vela. As a result of stretch- 
ing of the roof-plate each lateral plate becomes displaced to the floor and. consequently 
both the basal and the alar laminae come to lie in the floor together with the sulcus 
limitans in between them. The floor-plate at the same time, being invaded by the 
decussating fibres from the opposite side, is converted into the median raphe on 
cither side of which there lies the basal lamina. The cells of the basal and alar 
lamina; multiply rapidly and re-arrange themselves in small clusters to form different 
nerve nuclei as described below: 

The nerve nuclei derived from the basal lamina. The cells of the mantle zone of the 
basal lamina re-arrange themselves into three interrupted columns to form the motor 
nuclei of the following nerves : 

{«) The most medial column of cells forms the somatic motor group and forms the 
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nucleus of the hypoglossal nerve and supplies the muscles derived from the body 
somites (occipital somite) through the hypoglossal nerve. 

(b) Lateral to the somatic motor group the column of cells forms the branchial 
or special visceral motor group from which the nerve nuclei of the V, VII, IX, X, and 
XI cranial nerves (including the nucleus ambiguus) are derived and fibres from 
these supply the striped musculature of the visceral arches. 

(c) Lateral to the branchial motor group the column of cells form the splanchnic 
or visceral motor group from which the visceral motor nuclei of the IX, X, XI and the 
VII (salivary nuclei) cranial nerves arc derived and the fibres from these are destined 
to supply the musculature of the heart, the plain muscles of the lungs and alimen- 
lary canal, and the secrcto-motor fibres for the salivary and the lacnmal glands. 

The nene nuclei dented from the alar lamina. The cells of the alar lamina arrange 
themselves in two columns which form the sensory nuclei as follows. 

(fl) The medial column of cells known as the visceral oi splanchnic sensory column 
forms the sensor)' nucleus of the VII, IX, X and the XI cranial nerves and they 
receive afferent impulses from the respective territory of the individual nerve. 

(6) The more lateral column is known as the somatic sensory column which forms 
the sensory nucleus of the V nerve and the nuclei of the VIII nerve. The gracile 
and euncatc nuclei which form the cell-station for the piopnoccptive impulses also 
lie in this line. 

Metencephalon. From the floor-plate of the metenccphalon the pons is 
derived while from its roof-plate the cerebellum and the superior medullar)' velum 
are derived. 

Here too, the cells of the mantle zone of the basal lamina arc arranged into 
thtce columns. The most medial column gives rise to the abducent nerve nucleus 
(somatic motor). The intermediate column of cells form the motors nuclei of the 
fifth and seventh nerves (branchial motor). The lateral column of cells forms the 
salivary nucleus of the facial nerve (visceral motor). The cells of the alar lamina 
form the sensory nuclei of the eighth (cochlear and vestibular divisions) and the 
fifth nerves. Some of the cells of the alar lamina from both the m)clenccphalon and 
metencephalon migrate vcntrally to form pontine nuclei, the nuclei of the formatio 
reticularis and corpus trapezoideum. 

At the dorso-lateral border, on each side, the cells of the alar lamina rapidly 
proliferate to form a mass which projects both ventrally into the fourth ventricle 
as well as dorso-latcially, and this elevated mass is called the rhombic lip. The cells 
of the rhombic lip further proliferate and the cell mass of each rhombic Up extends 
medially and finally meet and fuse together to form the ifrtnb of the cerebellum. Subse- 
quently the cell-mass extends dorso-lateral ly to form the cerebellar hemisphere. The 
utV* tfl 'bei 7K2.tAVc twa O.vw. vrignAe. to tb/e mas'g.’Mj. isywe vm! ran to ’hec 
formation of the cerebellar cortex. Some of the cells or the mantle zone do not 
migrate but they remain tn situ to form different cell-masses which constitute the 
buried nuclei of the cerebellum (dentate nuclei, nucleus emboliformis, nucleus 
fastigii, nucleus globosus). 

Some of the cells of the rhombic lip migrate forwards into the pons and medulla 
oblongata to form the nuclei ponds, nuclei of the corpus trapezoideum and the 
reticular formations. 


SKELETAL SYSTEM 

The skeletal system consists of the bones and the cartilages that build up the 
structural framework of the body. Morphologically the whole skeletal system can 
k subdivided into axial and appendicular skeleton. The axial skeleton consists of the 
jones and cartilages that build up the vertebral column, the skull, the ribs and the 
sternum. The appendicular skeleton consists of the bones of the shoulder and 
pelvic girdles together with the limb-bones connected to them. 
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DEVELOPMENT OF THE AXIAL SKELETON 

Development of the vertebra;, ribs and sternum. During the third 
week of the festal life the paraxial mesoderm undergoes segmentation and becomes 
organised into somites which form the principal manifestation of the segmentation 
of the embryo. The somites in the head and tail regions of the embryo degenerate 
while those in the neck and in the body differentiate into a lateral and a medial 
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(he neural arches. The notochord and its sheath from the sclerotome forms the pri- 
mordium of the vertebral centrum. The hypochordal bow soon disappears except 
in case of the first cervical vertebra where it forms the anterior arch. The sclcroto- 
mic tissue thus separates it from the gut in front and the neutral tube behind. When 
the sclcrotomic tissue has migrated from the somite, the notochord lies within a con- 
densed mass of sclorotomic tissue which shows its original segmented character. 

Each mass of sclcrotomic tissue that surrounds die notochord, is then differen- 
tiated into a caudal condensed portion and a cranial less condensed portion. Later 
on, the cranial less condensed portion of one block fuses with the caudal more 
condensed portion of the block above and thus the vertebral centrum is formed. 
The membranous vertebral centrum formed by the fusion of the two diflcrcnt 
original segments becomes inter-segmental in position whereas the myotomes and 
die segmental nerves that supply them maintain the original segmental character 
in the somites. The sclorotomic tissue forming the neutral arches, gives rise to the 
development of the transverse processes and the costal elements, all of which grow 
intcrscgmcntally. The neuial arches extend dorsally around the developing spinal 
cord and subsequently fuse in the middle line to form the primordium of the spinous 
process. The transverse processes extend laterally only for a short distance and lie 
in the intcrmyotomic cleft. With the development and extension of the myotomes 
into intercostal and lumbar musculature the costal elements grow from the scleroto- 
mic tissue as membranous ribs which later on become chondrified and then ossified. 
The costal elements are best developed in the thoracic region where they remain 
separate to form the definitive ribs. 

In the ventral aspect of the thoracic region opposite the median plane, later 
on, the cartilaginous sternal bar forms from die mesenchymal tissue and connects, 
on each side, the growing ends of the rib cartilages. With the completion of the 
body wall the sternal bar of each side meets together, first cranially, to form the 
manubrium stemi, and later on, caudally, to form the body and the xiphoid process 
of the sternum. Failure of fusion usually results in the formation of the sternal foramen 
in the body of the sternum or a forked xiphoid process in the region of the same. 

Development of the skull. The developing brain is surrounded by a 
mesenchymal condensation which forms the primary proteedve barrier; later on 
this mesenchymal condensation at certain places changes into cartilaginous bars 
(cartilaginous barrier) which are ultimately changed into bone (bony barrier) by 
process of ossificadon while at some places ossification starts directly into die mesen- 
chymal tissue without being changed into intermediary cartilaginous stage. This 
phagic protective mechanism for die delicate brain tissue which is aptly and suit- 
ably organised by nature, is the outcome of necessity in the existing condition. It 
has been seen that the bones at the base of the cranium arc preformed in cartilage 
whereas those at the vault are preformed in membrane; this is because the telen- 
cephalon (fore-brain), which grows out of proportion to other parts of the brain, 
has got to be accommodated and a membranous protection can better adapt to suit 
the condition; moreover for the future moulding during parturition the membra- 
nous basis of ossificadon becomes a necessity. With the growth, the brain gradually 
puts in weight and for its support, a more rigid base is a necessity, for which, perhaps, 
the basal bones (of cranium) are chondrified before ossification ; moreover for mould- 
ing to take place suitably some resistant support is also necessary and chondrification 
of the basal bones thus assists moulding indirectly. Besides the formation of the 
rigid protective barrier around the developing brain, the bones of the jaws are also 
developed in association with the skull bones. Thus the development of the skull 
can be discussed under two heads, neurocramum which is specially designed to protect 
the developing brain and the viscerocranium, that is, the bones in relation with the 
skull that develop in association with the visceral arches. 

Neurocraninm. As already stated the mesenchymal tissue that surrounds 
the region of the developing brain becomes condensed to form the first protective 
barrier around it. Subsequently, at some places, the condensed mesenchymal 
mass becomes chondrified in which, later on, ossification starts, but in other places, 
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particularly in the region of the vault of the cranium, it remains membranous 
where ossification starts directly in the membrane. 

During the second month of intrauterine life, the mesenchymal tissue caudal 
to the developing brain shows signs of chondrificatton to form cartilaginous bars 
from which the bones of the basal region of the skull are formed. This piimitivc 
cartilaginous framework at the basal region of the skull is known as chondrocranium. 
This chondrocranium appears as two cartilaginous bars, one on each side in relation 
to the cranial end of the notochord; the portion of the chondrocranium that extends 
ventrally beyond the notochord is known as prechordal plait or prechordal chondro- 
cranium and that lies on either side of its cranial end is known as chordal chondro- 
cranium. The olfactory and visual sense organs develop in association with the pre- 
chordal chondrocranium while the auditory sense organ develops in association 
with the chordal chondrocranium. These plates of cartilages (human chondro- 
cranium) are perforated variously for the passage of the cranial nerves and vessels. 

The prechordal chondrocranium. The prechordal chondrocranium lies ventral 
to cranial end of the notochord and as the latter terminates in the region corres- 
ponding to the hypophyseal fossa the prechordal chondrocranium lies ventral to the 
sella turcica. Ventrally this cartilaginous plate forms the cartilaginous nasal 
capsule which does not join in the formation of the cranial cavity but it forms the 
basis of the future nasal chambers. Dorsal to the nasal capsule the prechordal 
chondrocranium forms a broad perforated plate of cartilage on which primitive 
olfactory bulbs lie and which gives passage to the olfactory nerves thiough its 
openings. This perforated plate forms the future cribriform plate of ethmoid. 
Dorsal to this perforated plate the prechordal chondrocranium shows lateral exten- 
tions which resemble like the lesser wings of the sphenoid and give rise to the for- 
mation of the same (lesser wings) and is known as ala orbitalis. Eacli of these expanded 
plates is perforated on either side of the median plane for the passage of the optic 
nerve and joins with the central mass of cartilage vential to the hypophyseal fossa. 
Adjoining the central mass of cartilage on cither side is a small bar of cartilage 
which forms the base of the greater wing of the sphenoid, and this small bar of carti- 
lage joins laterally with a plate of mesodermal condensation, the ala temporalis fiom 
which the most of the greater wing develops in membrane. Between the ala orbi- 
talis and ala temporalis is the passage (superior orbital fissure) for the transmission 
of third, fourth, ophthalmic division of the fifth, and the sixth cranial nerves to the 
orbital cavity. A bar of cartilage extends from the ala orbitahs to the cartilaginous 
bar forming the base of the greater wing and isolates a portion of the superior orbital 
fissure to form the foramen rotundum and thus the maxillary nerve, which passes 
through the foramen rotundum, is separated out from the rest of the structures 
passing through the superior orbital fissure. The cartilaginous bar which forms the 
base of the greater wing extends backwards to lie on the lateral side of the carotid 
sulcus and gives rise to the formation of the future lingula of the sphenoid and is 
often termed the spkenotic element. The central mass of cartilage during the early 
developmental period is perforated opposite the sella turcica for the passage of the 
pharyngeal diverticulum which forms the anterior lobe of the pituitary body and the 
canal through which it passes is known as the craniopharytige al canal. At a later date 
the craniopharyngeal canal obliterates by extension of ossification both from pre- 
and post-sphenoid. 

Chordal portion of the chondrocranium. The chordal portion of the chondrocra- 
nium lies behind the sella turcica and associated with it arc the two auditory sense 
organs, one on eacli side. Posterolateral to the body of the sphenoid the cartilagi- 
nous auditory capsule makes its appearance and between it and the cv-occipi?al n 
a gap which forms the jugular foramen for the exit of internal jugular vein and the 
ninth, tenth and the eleventh cranial nerves. On the cartilaginous auditory capsule 
tlic orifice for the seventh and eighth cranial nerves is conspicuous and forms the 
future internal auditory meatus. The subarcuate fossa on it is also very' well marked, 
although it becomes rudimentary' in the adult bone. [Behind the body of the sphenoid 
»s the basioccipital whereas on either side of the foramen magnum is the cx-occipital. 
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its upper and lower borders and therefore the superior and inferior vertebral notches are 
of equal depth. 

' Tm* laminae are longer, narrower and thinner than those of the other regions. 

The spinous process is scry short, bifid and ends into two terminal tubercles of 
unequal size. 

The artscular processes form two articular pillars, one on each side, which 
project laterally from the junction of the pedicle and the lamina. On the upper and 
the lower end of each articular pillar is the supcuor and the inferior articular facet 
respectively. 

Tup transverse prooiss: The most distinguishing feature of the transverse 
process is the piescnce of a foramen called the foramen trannersanum. It consists of 
an anterior and a posterior root which .tic joined together on the Literal side of the 
foramen iransversanum by a curved plate of bone, called the costo-tramverse bar. 
Each root ends laterally into a tubercle known as the anterior and posterior tubercle 
respectively. The antctior root, amenoi tubercle, costn-t ram verve bar, jxwtcrior 
tubercle and ail .joining pottion of posterior root of i lie transverse process arc 
homologous with the rib in the thoracic region whereas the rest of the posterior 
root is homologous with the true transverse process of the thoracic vertebra. 



fig. 200. The muscular attachment* to the Irnmvcnc and articular 
proeeMM of a cervical vertebra 

Note the relation! of the vertebral vrveli With the spinal nerve. 

Particular features. The anterior surface of the body is convex Horn side to 
side and us upper and lower borders give attachment to the mtfcrtor fenqifurfiW ligament 
and the intervening portion is just covered by the same ligament. On either sideof 
the median plane there is a slight depiession which gives attachment to some fibers 
of the loiigifs cervicis (Longus coli) muscle. The posterior surface presents one or 
two irregular appertures for the passage of the nutrient artery and the basivertebral veins. 
Its upper and lower borders give attachment to the posterior longitudinal ligament. Its 
superior surface is concave from side to side and presents an upwardly projecting lip 
on cither side. The anterior border of the upper suifacc is slightly bevelled. The 
inferior surface is concave from before backward and slightly convex from side to side, 
i.e., it is saddle-shaped. Its anterior border projects downwards forming a lip which 
fits in with the bevelled anterior border of the upper surface of the vertebra below 
and thus hides the intervertebral disc from the view* from the" front.. Its lateral 
margin is bevelled so as to fit in vvith the upwardly proVc ting lip r superior surface 
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interspinalis, and semispinolis cenicis. The articular piilais of the third and the fourth 
cervical vci tcbrac present a slight groove on their lateral aspect foflhe passage of the 
posterior primary rami of the third and the fourth cervical nerves. The superior 
articular facets look upwards and backwards and the inferior articular facets look 
downwards and forwards. The superior articular facets articulate with the inferior 
articular facets of the vertebra above and the inferior ones articulate with the superior 
articular facets of the vertebra below foi ming synovial type of joints. The. transverse 
process is pierced by the foramen Uansversanumrwhich transmits the vertebral artery, 
Ike vertebral vein .and a branch from the inferior cervical sympathetic ganglion* The 
cervical spinal nerves, as they lie on the transverse process and pass laterally, they 
pass behind the vertebral artery' with its accompanying vein and nerve; the anterior - 
root of the transverse process ends laterally in a tubercle which gives attachment ' 
(origin). to scalenus anterior, longus cervicis (oblique portion) and longus capitis muscles; 
the anterior root of the transverse process of the sixth cervical vertebra is very pro- 
minent and eniargcdjmdjies ju$t_ behind the common carotid artery which .can.be 
comprcsscd’against it and hence it is called the carotid tubercle; the costo-transverse bar 
is oblique m direction heing directed backwards, downwards and laterally; it is 
sightly grooved for the passage of the spinal nerves; the costo-transverse bar of the 
sixth cervical vertebra is less oblique and is conspicuously wide; the posterior root v 
cndsjatcral ly in a tubercle which lies at a lower level than the anterior tubercle except 
in case of the sixth cervical vertebra where the two tubercles lie almost in^thersame 
level. The posterior tubercle gives attachment to scalenus medius, scalenus posterior , 
levator scapula;, splenitis cervicis, longissimus cenicis and costo-cemcahs (ihocostalis cervicis). 

First cervical vertebra. Special features. The first cervical vcitebra is 
called th e Atlas b ecause it supports the globe of the head. It is rmg-hke and has no 
body and spine. It consists of two bulky lateral masses which are joined together in 
front, by the anterior arch, and behind, by the posterior arch. During the process of 
development the centrum of the first cervical vertebra becomes fused with the cen- 
trum of the second cervical vertebra where it forms the dens (odontoid process.) 



{ i g . 20'J. The alias or il»e ’first cervical vertebra. Viewed from above. 


The anterior arch is convex anteriorly and presents a tubercle, the anterior tubercle 
opposite to the median plane ; its posterior surface is concave and presents a circular 
facet for articulation with the dem (odontoid process) of the axis. The posterior arch 
presents a shallow groove on its uppersurface immediately behind the lateral mass. 
Posteriorly it presents a small tubercle, the J> osterior Jubercle, representing _lhc 
rudimentary spinous process. The lateral mass is placed'obliquely so thatTts long axis is 
directed forwards, and medially. Superiorly it presents a large concave facet which is 
constricted opposite to its middle point. Infcriorly it presents one circular or oval 
facet for articulation with the superior facet of the second cervical vertebra. The 
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Lateral Mass. The superior articular facet is concave and is directed up- 
wards and medially; it articulates with die condyle of the occipital bone. The 
facet is so adapted that nodding movement in the atlanto-occipital joint is absolutely 
free; opposite to its middle the facet presents a constriction and sometimes it is 
completely divided into two facets. Its margin gives attachment to the articular 
capsule of the atlanto-occipital joint. The inferior articular facets arc circular or oval, 
and arc directed downwards and medially and slightly backwards; they articulate 
with the superior articular facets of the second cervical vertebra; its margin gives 
attachment to the articular capsule of the allanlo-axial joint. .On the medial aspect or 
die lateral mass there is a small rounded tubercle which gives attachment to transverse 
ligament of the atlas. This ligament divides the ring of the atlas into a smaller anlerioi 
part and a larger posterior part ; the anterior part transmits the dens (odontoid process) 
of the axis whereas the larger posterior part transmits the spinal medulla (spinal 
cord) with its membranes. The transverse ligament of the atlas supports the dens 
and helps to keep it in position. The anterior part of the lateral mass gives origin 
to a few fibres of the redns capitis ant erior muscle. There is a small tubercle on the 
upper part of the anterior aspecroTIhc lateral mass which represents the anterior 
tubercle of the transverse process of a typical cervical vertebra. 

The transverse process ends laterally into a single tubercle which is directed down- 
waids and laterally; there is no^ostojransverse bar and there is no separate existence 
of the anterior and the posterior tubercles. The clown-turned end of the transverse 
process h homolo gous with the posterior tubercle of the transverse process of a 
typical cervical vertebra and can be felt through the skin at a point midway between 
the tip of the mastoid process of the temporal bone and the angle of the mandible. 
The following muscles arc attached to this process. 

(1 ) Rectus capitis lateralis arising from the anterior part of its upper surface. 

(2) Oblitjuus capitis superior arising Horn the posterior part of its upper surface. 

(3) Levator scapulae arising from the tip and the adjoining part of the superior 
surface* 

(•1) Splenius cerricis inserted into its inferior surface. 

The anterior surface of the transverse process is in relation to the 
anterior primary ramus of the first cervical nerve, internal jugular vein, occipital 
artery and the accessory nerve; the occipital artery and the accessory nerve cross . 
the internal jugular vein in this situation (sec %. 211), The transverse process of 
the. atlas represents the posterior root, costo-transversc bar anil posterior tubercle of 
atypical cervical vertebra. 

Axis or the second cervical vertebra. Special features. The most 
cAiwacfmstfc fcifuar of the second ceryieal tvrtehea is the presence of a tadfi&tkc*" 
p roc5sTl Hc?gg(ff3oH tofdprocess)^viiivSh projects upwards from the superior surface of the 
body. 1 he dens (odontouTproccss) acts as a ptvotjtround which the atlas with die skull 
rotates. It prcsems a"^a/(TwTiTch"is'a'tfachecI to the superior surface of the body, and 
an apex, which projects upwards and ends in a conical extremity. On its anterior 
surface there is a small oval facet for articulation with the similar facet on the back 
of the anterior arch of the atlas. Posteriorly it presents a shallow transverse groove 
for the transverse ligament of the atlas. 

On each side of the dens (odontoid process) there is a large oval facet on the upper 
surface of the body which articulates with the inferior facet of the lateral mass of thc 
atlas. ThcJtnnuui-of.the.axis Js^vcry thick aiid^strong. The spinous process is thick, 
substantial and is hollowed out inferidrljC The transpe cse-Proceis.hjhort and ends into 
a single tuberculated extremity and does not differentiate into anterior and posterior 
tubercles; it represe nt s the p osterior tubercle of the .transverse process or a typical 
cervical vertebral T iicpeSTcles are too short and the superior vertebral notches _nxc 
almost absent while the inferior vertebral notches are of considerable depth. 

- Particular features^ The^detujs conical in shape and measures' about 
half an inchin length,. It represents 'the* bbdy~of "the"‘atlas which has been 
'detatcKecl to get fused with the body of the axis. Posteriorly the shallow; transverse 
groove is caused by the transverse ligament of the atlas which keeps it in position. 
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A bursa is usually interposed between this part of the process and the transverse 
ligament of the atlas. Its pointed apex gives attachment to the apical ligamml and 
its sides to alar ligament. Morphologically the apical ligament represents the_fibrous 
remains of the notochord. The superior surface of the body is obscured by the presence” 
of the dens and the superior articular facets. The inferior surface of the 
body is concave from before backwards and also from side to side. The anterior 
margin of the inferior surface forms a projecting lip, a peculiar feature of the axis. 



.OPOMTQrp r*oes« 


fig 212. Tl.e nth or ihf wrorwl crn»cal vrrtebra J'<ntcrv<uj>enor ikw. 

The anterior surface of the lxrdy presents a ridge u» the median plane which^. 
is absent in all other cervical vertebrae and gives attachment id anibior 
longitudinal ligament. On cither side of the ridge is a depression which gives 
insertion to the vertical fibres of the langta cemcu (longus coli) muscle. 
The lower part of the posterior surface gives attaclunent to th cJ>osUrior longitudinal 
liganatt, and to the membrana tcitana which projects upwards, covers the" odontoid 
process and the apical ligament and then is attached to the occipital bone; it is the 
direct continuation of 
the posterior longitudi- 
nal ligament. The 
pedicles arc vrry stout 
and the inferior rertcbtul 
noicha are of consider- 
able depth in compari- 
son with the superior 
vertebral notches which 
are very shallow; the 
laminae, which are very 
thick, give attachment 
to Itganrr.la flava. The 
tpine, which is very 
strong, is grooved infe- 
riorly and gives attach- 
ment to li ’amentum 
evehae, and to some or 
N the (hep muscles of th' 
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T*iM»'0» A*TiCVLAA rkOCfSS 
llST 213. Tfcc »*i» or ihc weend cerwcat Vrrlftira. 
l-rh Ulrril \xw. 


. i piaaHs ttreieix, mullijUus and inkr-spiiutis; its lateral aspect presents 
i rough impression for the origin of the irftrVa ollupx muscle of the head; its posterior 



LOCOMOTOR SYSTEM 


189 


border gives origin to rectus capitis posterior major. The transverse process ends in a 
tubercle which gives origin to levator scapulae and scalenus medius and more posteriorly 
gives insertion to splenius cervicis; the interlransversus muscle is . attached both to its 
upper and lower surfaces. The 
foramen Iransversarimn is directed up- 
wards and laterally, for which the 
direction of the vertebral artery 
changes upwards and laterally as it 
passes upwards to enter into the 
foramen transversarium of the atlas. 

Sixth cervical vertebra. The 
sixth cervical vertebra presents the 
following special features of its iden- 
tity: — 

(1) The anterior root of the 
transverse process is very 
much pi eminent and 
elongated and is known 
as carotid tubercle because 
the common carotid 

artery which lies in front of it can be compressed against it when 
necessary. 

(2) The cos to- transverse bar is conspicuously wide and forms a curved plate 
of bone. 

(3) Both the anterior and posterior tubercles of the transverse process lie on the same 
level. In a typical cervical vertebra the posterior tubercle lies at a lower 
level than the anterior. 



Tig. 214. The right lateral view of the second 
cervical vertebra showing muscular 
attachments to the spine. 



Tig. 215. The sixth cervical vertebra. Posterosupcrior view. 


Seventh cervical vertebra. Special features. (1) Its spinous process is - 
long, horizontal, prominent and ends in a tuberculated extremity. Due to its pro-, 
minent spinous process, which forms a subcutaneous bony landmark, it is called the 
vertebra prominens. (2) The transverse processes are of co nsiderable size and its posterior 

root is much stouter than its anterior root which is long'antT slender 7 Sometimes the 
slender anterior root is sufficiently long and fails to meet the posterior root and forms 
a separate bone which articulates with the seventh cervical vertebra by a joint consti- 
tuting the cer vical rib . The foramen transversarium is very small and may be double. 
The distance between the tips ofthe two transverse processes is much longer than that 
of any other cervical vertebra. 

Particular features. The tip of the spinous process gives attachment to the 
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lower end of the Ugamentm i nuchae , rhomboideus minor , trapezius, splenitis cervicis, serratus 
posterior superior, semispinalis thoracic, multifulus, intcrspinalis and the spinalis cervicis. 
The foramen transversarium transmits the accessory vertebral vein. Th e vert ebral 
artery, vertebral vein and the plexus of sympathetic nerves"pnsj~ln "front of the 



r»g. 2X6. The tesenth cervical vertebra. l'oiWrosvipciiot view 
anterior root of the transverse process. In rare cases the vertebral vessels may 
pass through this foramen. The posterior tubercle of the transverse process gives 
attachment to the strong fibrous membrane which covers the cervical dome of 
of the pleura ( supra-pleural membrane) and to scalenus minimus when it exists. It* 
undersurface gives attachment to the highest levatores cost arum. 

THE THORACIC VERTEBRAE 

The thoracic vertebrae, also known as dorsal venebra?, are twelve m number 
and are named numerically from above downward!. " The vertebrae, from second 
to eighth, have common features and are known as typical thoracic vertebrae. The first, 
ninth, tenth, eleventh and twelfth have special features of their own and are known as 
peculiar thoracic vertebrae. The group or zonal characteristic of the thoracic 
vertebrae is the presence of costal facets on the sides of the body. Except the eleventh and 
the twelfth the transverse processes of all the thoracic vertebrae bear the costal 
facets for articulation with the tubercle of the rib. 

A Typical Thoracic Vertebra. General features. The body of the 
typical thoracic vertebra is *7irart”-shaped being broader antero-posterioriy than 
from side to side ; on each side of Ike body there are two articular facets, the costal facets, 
one above and one below. Both the superior and the inferior facets are half-facets but 
the superior one is larger than the inferior; it is placed on the upper margin dose to 
the pedicle; the inferior facet is placed on the lower margin close to the inferior 
vertebral notch. 

The pedides project directly backwards and lienee the vertebral foramen they 
enclose is smaller and circular in outline. The laminae arc thick and overlap one 
another. The spine ends in a tubercle and is directed downwards and backwards. 
The articular surfaces of both the superior and inferior articular processes arc flat. 
The transverse process is stout and club-shaped; it projects mainly laterally and slightly 
backwards and presents an articular facet near its extremity for articulation with the 
tuberde of the numerically corresponding rib. 

T Particular features. Both the upper and the lower thoradc vertebrae show 
' igns of transition i.r., the bodies of the upper one or two thoracic vertebrae resemble 
the bodies of the cervical vertebrae and Uiat in the lower thoradc vertebrae resemble 
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to eighth dorsal vertebrae it is vertical in direction and overlaps one another in an 
articulated skeleton. The spine gives attachment to supraspinous and inlerspinous 
ligaments and to a number of muscles, namely, trapezius, rhomboideus major and minor,. 

serraius posterior superior and 
inferior, latissimus dorsi, semispin- 
alis capitis, mttUifidus and sacros- 
pinnlis. 

First thoracic vertebra. 
(1) Its body resembles like a 
cervical vertebra and is broader' 
from side to side than from 
before backwards. (2) The 
postero-lateral margins of the 
upper surface of the body arc 
lipped like the cervical verte- 
brae. (3) The body presents a 
single circular costal facet above, 
and a half-facet below. (4) Superior icrtebral notches arc of considerable depth. 
(5) TIic^iwkj process is horizontal in direction. (6) Absence of foramen trans- 
versarium distinguishes it sharply from the cervical vertebrae. 

Tenth thoracic vertebra. (1) It presents a sipglc, full costal facet at the 
upper part of the junction of the pedicle and the body (extends both on to the body 
and the pedicle) which encroaches on to its upper border. (2) There is no costal — 
facet on the lower part of the Ixxly. (3; The transverse process bears the costal 
facet for the tubercle of the tenth rib. 

Eleventh thoracic vertebra. (1) Thcie is a single full costal faction the- upper part 
of the bod) below its upper border which is placed partly on the body and partly on the 

[ icdicle. (2) Transient process is rudimentary and there is no costal facet on it. It may be 
jroken into tubercles. (3) Inferior articular faetts look downwards and forwards. (4) The 
spine ts triangular in shape and its upper border is oblique and its low cr border is horizontal. 

Twelfth thoracic vertebra. (1) There is a single full costal facet on the body much 
below its upper margin which is placed mainly on the pedicle and partly on the body. 

(2) The inferior articular facets are comexand are twisted lateralwards. (3) Transverse process 
is broken into three tubercles superior, lateral and inferior, and there is no costal 
facet on it. Tb<“ superior tuberclecoircsponds to the mamillary process of the lumbar 
vertebrae, the inferior tubercle 'corresponds to the accessory process of the lumbar 
vertebrae and the lateral tubercle represents the true transvcrse"process. (4) The 
body resembles that of the lumbar vertebrae and is broader from side to side than 
from before backwards. ^5) The spinous process is triangular in shape and its upper 
border is oblique in direction while its lower border .is almost horizontal. 

THE LUMBAR VERTEBRAL 

Lumbar vertebrae differ from the thoracic vertebrae in having no costal facets on 
the body, and from the cervical vertebrae, in having no foramen transversarium in 
the transverse process. 

The lumbar vertebrae from first to the fourth have common characteristics and 
are known as tjpieal lumbar vertebrae while the fifth has special features of its own anti ' 

is known as a peculiar lumbar vertebra. 

General features. The body of a typical lumbar vertebra is large and broader 
from side to side than from before backwards. There is no costal facet on the body. The 
■ transverse process is slender and is flattened from before backwards and elongated 
(spatula-like) and on its postero-inferior aspect there is a tubercle, the accessory process - * 
which corresponds to the inferior tubercle of the transverse process of the twelfth 
thoracic vertebra. The transverse process of the third lumbar vertebra is the longest 
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of all; its length gradually diminishes both above and below it; that of the first 
lumbar vertebra 5s the shortest one. The vertebral foramen .is triangular. Tire 
superior arljcular processes are concave and are directed backwards and medially; on 
the posterior aspect of each process there is a tubercle, the mamillary process which 

corresponds to the superior tu- 
bercle of the twelfth thoracic 
vertebra. The inferior articular 
processes arc convex, and are 
twisted laterally and are closer 
to each other, and therefore, 
the distance between the supe- 
rior articular processes greatly 
exceeds the distance between 
the inferior articular processes. 
The spinous process is quadr- 
angular in shape and projects 
horizontally backwards. 

Particular features. The 
body is deeper in front than 
behind; its upper and lower 
borders, both in front and be- 
hind, give attachment to the 
anterior and posterior longitudinal 
ligament respectively. On cither 
side of the anterior longitudinal 
ligament, the bodies of the first, 
second and third lumbar ver- 
tebrae on the right side, and 
thar of the first and second 
onlhe left side, give origin to 
the right and the left crus of 
the diaphragm respectively. 
Posterior to the attachment of 
the crus, the psoas major muscle 
arises from all the lumbar ver- 
tebrae and extends upwards to 
the twelfth thoracic vertebra. 
The vertebral foramen of the 
first lumbar vertebra contains 
the terminal portion of the 
spinal cord ; the vertebral fora- 
men of the lumbar vertebrae 
below contains the cctuda equina 
and the spinal meninges, i.e., the 
spinal cord extends up to the lower 
border of the first lumbar vertebra 
and below that only the nerve 
fibres from the spinal cord 



Tig. 220. . The ninth, tenth, eleventh and twelfth 
thoracic vertebrae from above downwards. 


which are arranged like the tail of a horse, called cauda equina, pass through the canal. 
The superior vertebral notches are shallower while the inferior ones are of consider- 
able depth. The Jamlnae are 'short and thick. . The spine is quadrangular and its 
posterior and inferior borders are thick. Its posterior border gives attachment to the 
posterior layer of the lumbar fascia , supraspinous and inlerspinous ligaments, the sacrospmalis, 
muUifidtts, spinalis thoracis and interspiitalts muscles. The transverse processes are Jong s 
and slender; from first to the third lumbar vertebrae they gradually increase and then 
diminish in size. The transverse process of the third lumbar vertebra is the longest 
of all ; on the anterior aspect of each transverse process, and nearer to its 
13 
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processes are almost equal. (4) The s pine is less substantial and 
close to ns dorsal extremity is rounded and doxstitucned. 


its upper border 



BOOY 



• Tig. 224. The fifth lumbar vertebra. PoJtertwupcriar view. 

THE SACRUM 

General features. The sacrum is a largc'triangular bone formed by the fusion 
of the five sacral vertebrae. In an articulated skeleton it is placed obliquely like a 
wedge in between the two hip bones; owing to its oblique situation it forms an angle 
with the rest of the vertebral column known as the sacro-vatebral angle or the lum- 
bosacral angle * which measures about 210 dcgTees (Frazer). In an articulated pelvis 
it forms the posterior boundary' of the pelvic cavity. 

It has a base, an apex, and three surfaces, pelvic, dorsal and lateral, a lateral mass, 
and a sacral canal. 

•The Jumbo-Mtral aneJe varies between 128® and 1G0® with an average of 140“ in the 
male and 137° in the female. Mitchel G. A. G. The 1 umbo-sacral junction. J. Bone & Joint 
S«re. 16: 233, 1934. 
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The base is directed upwards and fonvards and consists of an articular part 
and a non-articular part; the articular part is formed by the upper surface ol the 
body of the first sacral vertebra. It is broader from side to side than from before 
backwards; the anterior margin of the articular part of the base projects fonvards 
forming a prominent margin known as the sacral promontory. The non-articular 
part of the base projects Iateralwards on either side of the articular part as a broad 
triangular sloping area known as the ala sacralis. The ala sacralis forms the upper 



rig. 225. The sacrum. Pelvic surface 


surface of the lateral mass and is formed by die fusion of the transverse and costal 
dements. The vertebral foramen is large and triangular owing to the pedidcs being 
directed backwards and laterally and the laminae are directed downwards, back- 
wards and medially. The superior articular processes are concave and are directed 
backwards and medially; at its lateral part there is a small tubercle which corres- 
ponds to the mamillary process of the lumbar vertebra. They articulate with the 
inferior articular processes of the fifth lumbar vertebra. 

The pelvic surface is concave from above downwards and so from side to side. 
It is broader above than below. Owing to the oblique position of die sacrum its 
pelvic surface looks downwards and fonvards; opposite to the median plane itpresents 
four transverse ridges on either end of which there is a foramen, the anterior sacral 
foramina. The transverse ridges indicate the line or fusion between the sacral 
vertebrae; each anterior sacral foramen communicates with the sacral canal through 
die intervertebral foramen. The bar of bone intervening between two sacral fora- 
mina of the same side represents the costal element ; lateral to the anterior sacral fora- 
mina on each side, the costal elements unite with one another to form the lateral mass. 

The dorsal surface of the sacrum is convex and looks upwards and back- 
wards; opposite to the median plane it presents a raised crest on which four small 
tubercles can be distinguished and they represent the spinous processes of the fused 
v sacral vertebrae. Lateral to the median crest the irregular convex area is formed by 
,?$ the fusion of the laminae of the upper four sacral vertebrae; die lamina of the fifth 
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sactal vertebra faib to meet behind causing an il-shaped gap kno.vn as the hiatus 
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Tig. 226. The sacrum. Dorsal view. 

sacralis. Further laterally the posterior surface on each side presents four posterior sacral 
foramina which communicate with the sacral 
canal through the intervertebral foramen; 
medial to the posterior sacral foramina there 
is a row of four small tubercles caused by 
the fusion of the contiguous articular processes. 
The inferior articular processes of the fifth 
sacral vertebra remain free and project down- 
wards as small tubercles, the sacral cornua, 
from the lower end of the lateral margin of the 
hiatus sacralis. Thus the sacral cornua repre- 
sent the inferior articular processes of fifth sacral 
vertebra and articulate with the cornua of the 
coccyx. The rough area on the lateral side of 
the posterior sacral foramina is marked by a 
series of transverse elevations caused by the 
fusion of the contiguous transverse processes. 

The lateral surface is on the lateral 
aspect of the lateral mass formed by the fusion 
or the transverse processes and the costal 
elements; it is broader above and narrow below. 
At its upper part it presents an ear-shaped 
articular surface, the auricular surface, for articula- 
tion with the ilium of the hip bone. • The 
auricular surface resembles an inverted letter 
L; the horizontal limb of the inverted L is 
short and is placed on the body of the first 
sacral vertebra and the vertical limb extends 
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fig. 227. The sacrum. Left 
lateral v' 


downwards to the lower border of the second or the middle of the third sacral 
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vertebra. The lower portion of the lateral surface b thin and narrow because tins 
portion of the bone b not required to transmit the body weight ; infcriorly it bends 
forwards and the point at which it bends forms an angle, the inferior angle. Below this 
angle tire lateral surface forms a narrow border; posterior to the auricular surface 
die lateral surface is rough and irregular for ligamentous attachment. 

The lower narrow blunt extremity is the apex of the sacrum; jt is formed by the 
inferior surface of the body of the fifth sacral vertebra. 

The sacral canal b formed by the vertebral foramina of the sacral vertebrae; if 
is triangular in shape and is bounded in front by the bodies of the sacral vertebrae, 
and behind and at the sides, by the fused laminae and the spinous processes. The 
lower part of its posterior wall b deficient because the laminae of the fifth sacral 
vertebra fail to meet behind and the fl-shaped gap on its posterior wall is called 
the hiatus sacralis. 



Particular features. (Pelvic surface) — The anterior surface of the lateral 
mass, opposite to the second, third and the fourth sacral vertebrae, and the bars 
of bone separating anterior sacral foramina from one another give origin to the 
piriformis muscle. The pelvic mesocolon is attached obliquely from the Jeft_side_of. the \ 
first sacral vertebra to the right side of the upper part of the third sacral vertebra. 
Besides the attachment of the above structures, the anterior or pelvic surface of the 
sacrum bear the following relations. 

The anterior sacral foramina transmit the anterior primary rami of the corresponding 
sacral nerve and a branch from the lateral sacral artery; the first, second and the third 
sacral nerves, as they come out of the foramina, lie on the piriformis muscle; medial 
to the anterior sacral foramina the sympathetic trunk, one on each side, descends 
downwards; lateral to the upper two anterior sacra! foramina the lateral sacral 
■k artery comes into relation with the bone; the artery then descends to the medial 
side of the lower two anterior sacral foramina and lies on the lateral side of the 
lower part of the sympathetic trunk. Opposite to the median plane the median 
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sacral ail fry comes in intimate relation with the bone. Opposite to the bodies of the 
1st, 2nd and part of the 3rd sacral vertebrae the pelvic surface is covered by the 
perietal peritoneum. Below this level it is not covered by peritoneum; the rectum lies 
upon the third, the fourth and the fifth sacral vertebrae and the right and left 
branches of the Superior rectal artery, which divides opposite to the third sacral vertebra, 
intervene between the rectum and the bone. 

The dorsal surface of the sacrum is very rough and irregular for muscular and 
ligamentous attachments; the erector spinac {sacrospinalis muscle) is attached both to 
the spinous and transverse tubercles and forms an U*shaped origin from tliis 
surface. The intervening area between the spinous and the transverse tubercles 
gives origin to the multifidut muscle, and is hidden by the sacrospinalis muscle; the 
posterior sacral foramina transmit the posterior primary rami of the corresponding sacral 
nerves which come out by piercing the sacrospinalis and the multiiidus muscles. 

The lateral mass of the sacrum is formed by the fusion of the costal elements 
and the transverse processes of the sacral vertebrae; about 2/3 of it is formed by 
the costa! element and 1/3 by transverse processes. The upper surface of 
the lateral mass is slightly concave and it is smooth medially and rough 
laterally; the rough area gives attachment to the lumbosacral ligament and to the 
anterior ligament of the sacroiliac joint. The upper surface of the lateral mass is 
covered by the psoas major muscle under cover of which, from medial to lateral 
side, the sympathetic nerve trunk , the lumbosacral nerve trunk, the iliolumbar artery 
and the obturator nerve are related to this area. 

The anterior and posterior borders of the first sacral vertebra give attachment to 
the anterior and posterior longitudinal ligaments respectively; the lamina of the first sacral 
vertebra gives attachment to the lowest ligamentum Jlavum. 

The auricular surface articulates with the similar surface on the ilium of the hip 



Fig. 229. The dorsal view of the sacrum and coccyx showing muscular and 
ligamentous attachments. 
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bone; the rough area behind the auricular surface gives attachment to strong posterior 
sacro-iliac ligament. The lower part of the lateral surface gives attachment to the 

coccygeus in front a nd gluteus 
maximus behind and in 
between these two muscles 
it gives attachment to the 
sacrospinous and sacrotu- 
berous ligaments, die 
sacrospinous ligament 
being in front and the 
sacrotubcrous ligament be- 
hind- The inferior angle 
gives attachment to lateral 
sacia-coccygeal ligament. 

The vertebral canal is 
triangular in form and con- 
tains the cauda equina, plum 
terminate and the spinal 
mtninges. Opposite to the 
second sacral vertebra the 
sub-arachnoid and the 
subdural spaces end (Fig. 
236) and the lower sacral 
nerves come out by pierc- 
ing through the spaces. 
The hiatus sacralis trans- 
mits the fifth pair of the 
sacral nerves, the coccygeal 
nerves and the fihim termi- 
nate; in the recent state 
the hiatus sacralis is 
closed by superficial poste- 
rior sacrococcygeal ligament 
which is attached to the 
margins of the hiatus; the 
deep posterior sacro-coccygeal 
ligament is attached to the 
floor of die sacral hiatus. 


Distinguishing features of the male and the female sacrum — 


Male 

Female 

Relauve size of the articular i The transverse diameter of the 
and non-articular parts | sup. surface of the body of the 

of the base ' 1st sacral vertebra is longer than 

the ala of any side. 

i The transverse diameter of ala 

I of any side is longer than the 
| transverse diameter of the sup. 

, surface of the body of the 1st 
; sacral vertebra (articular part 
of base). 

Curvature ' . ■ , The curvature is gradual from 

above downwards. 

Measurements . Its length always greatly exceeds 

Its breadth opposite to i t s 
widest part. 

Auricular Surface . . The auricular surface extends ! 

up to the upper half of die 
third sacral vertebra. 

•Sacral index .. Lower 

Weight . • Heavier 

v Muscular impression . . ) More marked ; 

• Sacral Index. It it the ratio between the length and breadth 

The lower part of the pelvic 
surface abruptly curves for- 
wards. 

Its length and breadth are 
almost equal. . 

The auricular articular surface 
extends up to the second 
sacral vertebra. 

Higher 

Lighter 

Less marked 

bf the sacrum and is expressed by 



Note the relative size of the articular and the non-articular 
parts of the base. 



Note the relative size of the articular and the non-articular 
parts of the base. 
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General features. The coccyx is a triangular piece of bone consisting of four 
small coccygeal vertebrae. Sometimes the number of the coccygeal vertebrae may be 
reduced to three or it may be increased to five. In the adult, usually all the four 
coccygeal vertebrae unite to form a single piece of bone, but sometimes the first 
coccygeal vertebra exists as a separate piece. Maintaining the sacral curve it is 
directed downwards and forwards from the lower end of the sacrum and conse- 
quently its anterior surface looks upwards and forwards while its posterior surface 
looks downwards and backwards. 

It has a base, an apex and anterior or pelvic , and posterior or dorsal surfaces. The base 
is formed by the upper surface of the body of the first coccygeal vertebra. It presents 
an oval articular surface for articulation with the apex of the sacrum. From the 



Fig. 232. The coccyx. Anterior 
aspect. 



SACTOSAjnOUS 
AND 
SACAOTUSMOUS 
UCAMfMT 


Fig. 233. The anterior aspect of the 
coccyx showing its muscular attach- 
ments. 



Fig- 234. The coccyx. 
Posterior aspect. 



the formula, In <hc female* the went index is higher than that in Use maht. In the 

Britishers the average sacral index in the female b 1 16 whereas in male it b 1 12. The sacral index also 
varies amongst different races and thus it helps as a useful guide in racial di/Terendafiofl. In cares 
where the sacral index b above 100 the sacra are filstyhierit as in Europeans, Negroes and PJnynraJan*; 
the sacra in which the sacra! index b below 100 are MtsktKrrit as in the Andamanese, Bushmen and 
Australians. 
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posterolateral part of the base two bony processes, one on each side, project upwards 
called the coctygeal cornua which represent the pedicle and superior articular processes 
of a typical vertebra. They articulate with the cornua of the sacrum. The rudimentary 
transverse process, a small bony process, which is gently curved forward, projects 
laterally from either side of the upper part of the first coccygeal vertebra. 

The apex is formed by the last segment of the coccyx and it ends into a blunt 
extremity. The bodies of the second, the tliird and the fourth coccygeal vertebrae 
diminish successively in size and they resemble mere nodules of bone without any 
distinguishing features. The body of the second coccygeal vertebra may pre- 
sent rudimentary transverse processes and the pedicles. 



Fig. 236. The dorsal aspect of the sacrum and coccyx with 
opened tip sacral canal. 

Note the arrangement of the cauda equina within the sacral 
canal and tbe extent of the tub-arachnoid ipace. Also note 
the termination of the Slum terminate on the coccyx. 

Particular features. The base articulates with the apex of the sacrum; the 
i^.ior surface of the first and sometimes the second coccygeal vertebra gives attach- 
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merit to anterior sacrococcygeal ligament . The coccygeal cornua articulate with the 
sacral cornua and give attachment to the intercomual ligament. The gap between 
^htTintercornual articulation and the posterior aspect of the fifth sacral «rtctaj 
represents the intervertebral foramen between the filth sacral and the first coccygeal 
vertebrae and gives exit to the fifth sacral nerve from the sacral canal. The nidi- 
mentary C transverse process of the first coccygeal vertebra extends to the . nfmor 
angle tfthc saernm and is connected with it by the laical The 

ooLrior primary ramus of the fifth sacral nerve descends behind the rudimentary 
uanwenc process of the first coccygeal vertebra whereas the antenor primary ramus 
of the same and the coccygeal nerve descend in front of it to gam the anterior aspect of 
the coccyx The lateral border of the coccyx gives attachment to sacro-tuberous and 
sacrosninous ligament. The anterior surface of the body, on eachside, extending up to 
Se amcrior aspect of the transverse process gives insertion to coccyges muscle; the levator 
ani muscle is inserted in the last two segments of the anterior surface of the coccyx. 
Se dS surface on each side gives origin to the gluteus maxxmus muscle and opposite 
to the tin to the sphincter ani ext err, us muscle. Opposite to the median plane, the dorsal 
the first coccvgcal vertebra gives attachment to the deep and superficial 
surface ofthc fi [{ ^ ments The siiperficial posterior sacro-coccygeal ligament 
posterior f h h ; atus sa ? r alLs and sometimes closes the hiatus by its 

extends from the ^ wall of the ^cral canal opposite to 

attachment and thu P . descends downwards in between the superficial 
hfatm sacrahs. a „ d attachcd to thc back 0 f t hc first 

and deep s ‘ .... ,^ r s Jf aC e of lhe coccyx is in relation to the rectum, 

ran^nSmpafanaaS bef^t the median sacra, and the inferior iateral 
sacral arteries, and the coccygeal body. 

VERTEBRAL COLUMN AS A WHOLE 

iriirulate with one another by the intervention of 
the ^ " WCh !UPPOrtS ^ 

vertebrae articulate with one ano a mas! 0 f bone, with which the coccyx, 

the fusion of the 5 sacral , j oined a t its apex to form the sacw-cccygcal 

formed by the four coccygeal vertcu ’ ( the remaining vertebrae arc placed 
mass. On the top of th. "ro-coc ^ fibrocartilaginous disc (represented by 

one above the other with the inteta them in an orderly form so as to complete 
a pad in the articulated skeleton) oci> . from a bovc downwards the column 

the formation or the vertebral, column. rcucal, Iharatic, lasniar and saao-caajgid. 
can be divided into four rc S‘°™;" 7 ..^cal vertebrae, the thoractc region of 12 
The cervical region consists ot me 1 v 5 |umbar vertebrae whereas the sacro- 
thoracic vertebrae, the lumbar region^ ^ 4 coccygral vertebrae, 
coccygeal region consists or J ms average length ofthe vertebral column 

Measurements. In the a a n‘("™k it is about 24 inches. About } of the total 
. is about 28 inches, and in the ’fibrocartilaginous discs. Regionally m 

length is contributed by the „ about 5 inches, thoracic region about 

the adult male, the cervical repot g and thc sacrococcygeal region about 
11 inches, lumbar region about 7 men , , nnw ., 

5 inch™ , r of regional vertebrae and now, if we 

We have already learnt about the Tea" ^bral column, we can easily under- 
look to tto together, as in the artiadated c6oa of the vertebral column, 

sund aW th^Sund mechanism >" *' ar ^ th at build up an individual vertebra 

In order to have a better undc *! separate heads- , . . 

have been discussed together under P e downwards it is found that they 

Bodies. If we look into the **£*£&* to .dK 
increase gradually in width ft 00 ' fourth thoracic ' » 

) the width slightly diminishes up 
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vertebra downwards the width again gradually increases till we reach the first sacral 
vertebra (base of the sacrum) where it is maximum; below tills level the width rapidly 
diminishes. 

The gradual increase in sire of the vertebral bodies from above down to the 
first sacral vertebra is due to the fact that they are to support more and more weight 
from above downwards ; below the first sacral vertebra the bodies rapidly diminish 
in size because the weight being transmitted down the thighs they arc no longer 
to support the weight. 

Transverse processes. Except in the first and seventh, the transverse 
processes of the cervical vertebrae are usually smaller. The distance between the 
median plane and the tip of the transverse process of the first cervical vertebra greatly 
exceeds that of the succeeding vertebrae except that of the seventh where it is greater 
and is almost equal to that of the first thoracic vertebra. This distance gradually 
diminishes from second to the twelfth thoracic vertebra where the transverse process 
is very short and rudimentary being often represented by small tubercles. In the 
lumbar region the transverse processes are longer than those of the thoracic region 
and that of the third lumbar vertebra is the longest of all. 

Spinous processes. The spinous processes occupy exactly the median plane 
dorsally. The first cervical vertebra has no spinous process and it is represented by 
a tubercle. The succeeding spinous processes down to the sixth cervical gradually 
increase in size and they are bifid and are directed downwards and backwards. The 
spinous process of the seventh cervical vertebra is directed horizontally backwards and 
ends in a tuberculated extremity. The spinous process of the first thoracic vertebra is 
almost similarly disposed but it is smaller than that of theseventh cervical. Because of 
the large size, tuberculated extremity and horizontal disposition in contrast to oblique 
spines of the adjacent cervical and thoracic vertebrae the seventh cervical spine 
stands out prominently as an important landmark which helps in counting the 
vertebrae. The thoracic spines are oblique in direction being directed backwards 
and downwards and they end in a tuberculated extremity. This obliquity reaches 
its maximum in the 9th thoracic vertebra where the spinous process is almost directed 
vertically downwards. From the tentli thoracic vertebra the obliquity diminishes 
rapidly and in the lumbar region the spinous processes arc again directed horizontally 
backwards. 

The Laminae. In the cervical region the laminae are thinner and they just 
overlap each other except the first cervical. There is usually some interval between 
the laminae of the first and the second cervical vertebrae. In the thoracic region the 
laminae are thicker and stronger and they overlap each other in such a way as if one 
is a splint for the other. In the lumbar region the laminae do not overlap and 
normally some interval always exists between two laminae. For the above reasons 
the mobility of .the thoracic region is limited and is very much less than that of the 
cervical and lumbar regions. 

Articular processes. The articular processes differ in details regionally as 
well as individually in some vertebrae which have already been described. Now 
if we look into the plane of articulation we find that it is vertical in general except 
in the cervical region where the plane of aru'culation is more transverse than 
vertical and for this, dislocation without fracture is only possible in the cervical 
region. 

Intervertebral foramina. They are formed between two vertebrae by the 
vertebral notches and are meant for transmission of the spinal nerves. It is bounded 
above by the inferior vertebral notch of the vertebra above, below by the superior 
vertebral notch of the vertebra below; anteriorly by the intervertebral disc and the 
posterior parts of the bodies of two adjacent vertebrae and posteriorly by superior 
articular process of the vertebrae below. Their size varies regionally depending on 
^ the size of the emerging nerve except in the lumbar region where the size of the 
nerves increases gradually from above downwards but the mvertcbral fora- 
'na do not proportionately increase and instead they gradually diminish in size 
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from above downwards. As a mult, the larger lower lumbar nerves are to negotiate 
through comparatively smaller intervertebral foramina and the nerves have very 
little space around them and consequently these lower lumbar nerves are liable to 
be compressed easily in case of slight diminution in size of the intervertebral foramina 
from the effects of injury or inflammatory processes. 

Vertebral canal. Wien different vertebrae articulate with one another to 
form the vertebral column the vertebral foramina collectively form a continuous 
canal known as the vertebral canal. It begins at the lower part of the foramen magnum 
through which it is continuous with the cranial cavity and ends below at the hiatus 
sacrahs. It is not a straight canal. It follows the vertebral curvatures and forms a 
wavy canal. The form of the canal is also not uniform throughout its entire extent. 
Thus in the cervical region it is wider and is triangular in form; in the thoracic region 
it is smaller and is circular in outline; in the lumbar region it is again triangular while 
in the sacral region it becomes flattened out and is cresentic in form on transverse 
section. The canal is bounded in front by the posterior surface of vertebral bodies 
and the intervertebral discs; posteriorly it is bounded by the vertebral laminae and 
the ligaments that connect them; laterally the verebral canal is open on either side 
through the intervertebral foramina. The vertebral canal contains the spinal cord 
with its meninges and blood vessels, spinal nerve roots and in the lower part of the 
canal, the cauda equina and the filum terminale. 

Intervertebral Discs. Between the bodies of two adjacent vertebrae is an 
intervertebral disc which acts as a buffer in absorbing shock and forms the main stay 
in the prevention of injuries to the vertebral bodies and to the spinal cord. Collec- 
tively they contribute about ^th of the total length of the vertebral column and thus 
also help in adding length to the vertebral column. Each disc is firmly connected 
with the sub and superjacent vertebrae at tire periphery and is loosely connected at 
the centre. Thus the intervertebral disc also acts as a firm bond of union between 
two adjacent vertebrae and it is due to this that very little movement is permitted 
between two vertebrae but collectively the vertebral column is seen to possess wide 
range of movement. The discs arc thicker in front than behind in the cervical and 
lumbar regions and are responsible for cervical and lumbar convexity of the vertebral 
column. In the thoracic region it is thinner. 

Structure. The intervertebral disc consists of a central, highly elastic gelatinous 
mass known as the nucleus pulposus, and a peripheral annular fibrous band, annulus 
fibroins , made up of concentrically arranged fibrous tissue. The annulus fibrosus 
constitutes the main weight bearing portion of the disc and adds strength and form 
to it. 

Histological appearance : Nucleus pulposus. Under ordinary microscope 
there is very little structure to be seen in the nucleus pulposus. The cells are very 
few and scattered, and the presence of other structures is overshadowed by the 
intercellular substances. 

Under the electron microscope, in children and young persons, the nucleus 
pulposus shows the presence of numerous collagen fibres running in all directions. 
The collagen fibres are surrounded by chondrom ucoid elements of the nature of 
chondroitin sulphuric acids. By fermentation, the element of chondroitin 
sulphuric acid is dissolved out leaving bare the purified collagen fibres which 
could be seen through the said microscope. In elderly persons many of the collagen 
fibres are seen to be uncovered by the cbondromucoid elements indicating structural 
changes with age. 

Annulus fibrosus. It consists of concentrically arranged dense fibres as well 
as other fibres which run in all the directions. The fibres arc usually arranged into 
bundles. Some of the fibres are seen to extend from one cartilaginous plate to the 
other while some others are found to cross from one vertebra to the other. The 
fibres are surrounded by chondromucoid material but it is nuch less in amount 
compared to that in the nucleus pulposus. 
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Physiological behaviour. Since the age of fifteen no blood vessels arc seen 
to be present within the discs and consequently they are more sensitive to metabolic 
disturbances than other connective tissues. In doing the test for permeability to 
materials by diffusion, it was found that the diffusion rate was slow and that only 
molecules of certain shape can enter into them. 

Biochemical constituents. The chemical components of the nucleus consist 
or protein, polysaccharides and water. With increasing age the water content 
is accrcased, the protein content is increased whereas the polysaccharides arc 
decreased or they remain constant. 

Curvatures of the vertebral column. The vertebral column is not a straight' 
pillar but it presents four curvatures, namely cervical, thoracic, lumbar and sacral. The 
thoracic and sacral curvatures are concave anteriorly and they are primary curvatures, 
that is, they are formed with growth and development in foetal fife and continue in 
post-natal life. The cervical and lumbar curvatures are secondary or compensatory 
curvatures which appear after birth. Both these curvatures are convex anteriorly. 
The cervical curvature begins to appear when the child sits U'i while the lumbar 
curvature begins to appear when the child walks about. In addition, the column 
may have slight lateral curvature with convexity to the right in right handed 
person. 

Vertebral landmarks. The vertebral column being the central axis, 
structures come into direct or indirect relation with it. As the vertebrae are more 
or less fixed in their position, studies as regards course, extent and position of organs 
and other structures, are made in relation with the vertebrae and thus they are taken 
into account as landmarks. Therefore it is a matter of great importance to locate 
the position of an individual vertebra in the recent state. 

How to locate an individual vertebra in the living body. It has already 
been stated that the spines of the vertebrae occupy exactly the median plane dor- 
sally and that they can be felt through the skin by palpation. When the vertebral 
column is made to bend forward (flexion) the spines are separated apart to stand 
out prominently and it becomes easier to palpate and to count them. The upper 
cervical spines cannot be felt easily because of the thick overlying ligamentum 
nuchac but the seventh cervical spine by virtue of its length, direction and pro- 
minence can easily be felt, for wliich, it is taken as a guide for counting other 
vertebrae. 

In some cases, particularly in fat subjects, palpation of the vertebral spines may 
be a matter of great difficulty. 

In such cases other bony landmarks are taken into account in conjunction with 
palpation of the spines. The following horizontal lines joining well defined bony 
landmarks are also considered in locating the vertebrae. 

The horizontal line that joins the medial end of the spines of the scapulae crosses 
the tip of the spine of the third thoracic vertebra. The line joining the inferior angle 
of the two scapulae passes across the seventh thoracic spine. The fine joining the 
highest points of the two iliac crests passes across the interval between the third and 
fourth lumbar spines and that joins the posterior superior iliac spines corresponds to 
the second sacral spinous process. 

SOME IMPORTANT VERTEBRAL LEVELS 

It has already been stated that the vertebrae, being fixed in their position, are 
taken as landmarks in describing the soft structures which may or may not come into 
direct relation with the vertebrae. As for example, tb *. bifurcation of the trachea; 
it is far off from the vertebral column but the plane at which it terminates 
corresponds to the lower border of the fourth thoracic vertebra which is the land- 
mark for the said bifurcation. Moreover, in exposing somfc v?t*era or some other 
structures or in doing diagnostic or therapeutic puncture of some structure-' 
it becomes convenient to approach them with the knowledge of their vertebral 
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levels. In the following few lines some of the important vertebral levels have 
been discussed: 

1st cervical vertebra corresponds to: 

(1) End of medulla oblongata. 

(2) Commencement of spinal cord. 

3rd cervical corresponds to: 

Hyoid bone. 

4th cervical corresponds to: 

(1) Bifurcation of common carotid artery into external and internal carotid 
arteries. 

(2) Upper border of thyroid cartilage. 

6th cervical corresponds to: 

(1) Cricoid cartilage. 

12) Termination of larynx and pharynx. 

(3) Commencement of trachea and oesophagus. 

(4) Commencement of second part of vertebral artery'. 

(5) Position of middle cervical sympathetic ganglion beneath the inferior 
thyroid artery. 

(6) Crosing of superior belly of omohyoid and the front of the common 
carotid artery. 

(7) Crossing of inferior thyroid artery and the common carotid arterv. 

7th cervical : 

Maximum approach of the thoracic duct to this level from where it turns 
to the left. 

' 2nd thoracic corresponds to: 

The suprasternal notch of the manubrium stemi. 

4th thoracic corresponds to: 

(1) The sternal angle. 

(21 Termination of arch of the aorta into the descending thoracic aorta. 

(3) Termination of trachea and the commencement of the bronchi. 

(4) Origin of left recurrent laryngeal nerve. 

{3} Drs-p And jayxrxfioia 1 zs-ndiar jalcmsea- 

(6) Termination of azygos vein into superior vena cava. 

8th and 9th thoracic: 

(1) Between the two the inferior vena cava pierce the diaphragm. 

(2) The 9th T. vertebra corresponds to the xiphisternal articulation. 

10th thoracic: 

Oesophagus pierce the diaphragm. 

12th thoracic: 

Aortic opening in the diaphragm through which aorta, azygos vem and 
thoracic duct pass. 

1st lumbar: 

(1) Transpyloric plane. 

(2) Duodcno-jejunal flexure. 

(3) Pancre' (Tail). 

(4) PylorUi. 

(5) Hilum of the kidney. 
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2nd lumbar: 

(1) The spinal cord ends opposite the upper border of 2nd L. vertebra. 

(2) The azygos vein begins. 

(3) The thoracic duct begins as a continuation of the cistema chyli. 

(4) Head of the pancreas. 

3rd and 4th. lumbar: 

The disc between the third and the fourth lumbar vertebrae corresponds to the 
highest point of the iliac crest. 

Abdominal aorta bifurcates into two common iliac arteries. 

5th lumbar: 

Two common iliac veins unite to form the inferior vena cava. 

2nd sacral : 

(1) The level corresponds to the line joining the posterior superior iliac spines. 

(2) Terminal point of the sub-archnoid and subdural spaces. 

(3) Level of the sacroiliac articulation. 

3rd sacral: 

(1) Corresponds to the line joining the posterior inferior iliac spine. 

(2) Pelvic colon ends and the rectum begins. 

f3j Superior recta I artery divides into tuo branches. 

(4) Right limb of the V-shaped pelvic mesocolon ends. 

RELATION OF THE VERTEBRAL SPINE WITH SPINAL SEGMENTS 

During early foetal life the spinal cord is as long as the vertebral column but 
later on due to disproportionate growth between the two, the vertebral column _ 
growing more than the spinal cord, the latter is drawn up within the vertebral 
canal and the cord segments no longer correspond to the vertebral segments. Thus 
at birth the lower end of the spinal cord corresponds to the upper border of the third 
lumbar vertebra and in the adult it corresponds to the upper border of the body of 
the second lumbar vertebra. 

In order that proper surgical approach can be made to the spinal segments it is 
essential that one should know about the relation of the spinal segments with the 
vertebrae. As for example, suppose, we want to expose the 6th thoracic segment 
which has been involved in some injury or in some disease, and unless we know that 
that the 6th thoracic segment lies opposite 4th thoracic spine we cannot make an 
approach definitely. The following few lines deal with the relation of the spinal 
segments with the vertebrae. 

In the cervical region from first to fourth cervical vertebrae the spinal segment 
is one higher titan the number of the vertebral spine, that is, the second cervical spine 
corresponds to the third cervical segment, the third cervical spine to fourth cervical 
segment and the fourth cervical spine corresponds to the fifth cervical segment. The 
sixth cervical segment lies between fourth and fifth cervical spines and the seventh 
cervical segment lies between fifth and sixth cervical spines. From sixth cervical 
spine to the fifth thoracic spine the spinal Segment is two higher than the number 
of the vertebral spine, that is, the sixth cervical spine corresponds to the eighth cervical 
segment, seventh cervical spine to first thoracic segment, tint thoracic spine to third 
thoracic segment, second thoracic spine to fourth thoracic segment, third thoracic 
spine to fifth thoracic segment, fourth thoracic spine to sixth thoracic segment 
and fifth thoracic spine corresponds to seventh thoracic segment while the 
eighth thoracic segment lies between fifth and sixth thoracic spines. From sixth 
thoracic down to the tenth thoracic vertebra the spinal segment is three higher 
than the number of the vertebral spine, that is, the sixth spine corres- 
^ ponds to the ninth thoracic segment, seventh thoracic spine to tenth thoracic 
^segment, eighth thoracic spine to eleventh thoracic segment, ninth thoracic spine 
'to twelfth thoracic segment and the tenth thoracic segment corresponds to first 
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lumbar segment. The eleventh thoracic spine corresponds to third lumbar segment. 
The interval between tenth and eleventh thoracic spines corresponds to second lumbar 
segment, and between eleventh and twelfth thoracic spines there lies the fourth and 
fifth lumbar and first sacral segments, and between twelfth thoracic spine and the 
first lumbar spine, all the other segments lie. 

Ossification of vertebrae 

Tim vertebrae arc preformed in cartilage and all typical vertebrae in their 
cartilaginous form consist of three portions namely the centrum, and the two 
vertebral arches, one on each side. The centrum represents the future vertebral 
body except its posterolateral parts whereas each vertebral arch represents the 
posterolateral portion of the body and the arch proper from which the vertebral 
processes develop. Each typical vertebra ossifies from 8 centres, three primary 
and five secondary. 

Primary Centres. Of the three primary centres, one appears in the centrum, 
and one in each vertebral arch. The primary centre for the arch appears first 
in the region of the future transverse process and then extends forwards to form 
the pedicle and the posterolateral portion of the body, backwards to form the lamina 
and latcralwards to form the transverse process, judged regionally, the primary 



Fig. 237. The ossification of a typical vertebra 


centre for the arch is seen to appear during the 7th or 8th week of foetal life, first 
m the cervical region, and then in the thoracic (10th week), lumbar (15 th week) 
and sacral regions (20th week! successively. The primary' centre for the body or 
the centrum first appears during the IOth week of foetal life in the lower dorsal 
region and then extends both upwards and downward?. In the cervical and lumbar 
regions this centre appears almost simultaneously during the 1 5th week of foetal 
life but in the sacral region the centre appears during the 20th week. 

Each vertebral arch at first joins with the centrum by a plate of cartilage form- 
ing a temporary (primary) cartilaginous joint known as the neurocenlral joint. Each 
arch unites (becomes osseously continuous) with the body during the third year in 
the cervical region, during 4th-5th year in the dorsal region, Sth year in the lumbar 
region and between 6th and 7th years in the sacral region. The two laminae fuse 
together during the first year in the dorsal and lumbar regions, during second year 
in the cervical region and between 7 and 10 years in the sacral region. 

Secondary centres. All the five secondary centres, two for the body, one for 
each transverse process and one for the spine, appear after puberty and they fuse 
with the rest of the bone during 25th year. 

The secondary centre for the body appears in the cartilaginous plate, the epi- 
physeal plate, that covers the upper and lower surfaces of the body. The peripheral 
margin of this plate is usually ossified, while its central portion remains 
cartilaginous until extreme old age when it becomes ossified. Secondary centre 
for the transverse process appears at its cartilaginous tip and that for the spine at its 
dorsal extremity. 

H 
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In the cervical region the spinous process has two secondary centres, one for each 
end of the bifid spine. In the lumbar region there are additional secondary centres 
for the mamillary processes. The transverse process of the first lumbar and the 
anterior root (costal element) of the transverse process of the seventh cervical ver- 
tebra might have an additional primary centre. In the latter, when such a centre 
exists, it usually unites with the rest of the process during the fifth year but it some- 
times fails to join and may remain separate as the cervical rib. In case of first lumbar 
vertebra the separate centre gives rise to the formation of the lumbar rib. In the 
fifth lumbar vertebra each vertebral arch might have two primary centres, one for 
the anterior portion and one for the posterior portion and the two centres unite 
together by an oblique plate of cartilage between the superior and inferior articular 
processes. 


Atlas. The atlas or the first cervical vertebra is preformed in cartilage and is 
ossified from two primary centres and one secondary centre. The two primary 

centres, one on each side, appear in 
the region of the lateral mass during 
the seventh week of foetal life. The 
process of ossification then extends 
backwards from both sides into the 
posterior arch. The posterior arch 
at first consists of two segments, right 
and left, which remain connected 
with each other posteriorly in the 
median plane by a plate of cartilage. 
By _ the process of extension of the 
ossifying centres the two segments 
unite together during the third year. 

Occasionally one secondary centre 
of ossification may appear in the intervening cartilage prior to the union of the two 
segments. The anterior arch together with a small portion of the superior 
articular facet ossifies from one secondary centre which appears during the first year 
of life. The anterior arch fuses with the lateral mass between sixth and eighth 
years while the posterior arch fuses with it between third and fourth years. 



Axis. The axis or the second cervical vertebra is preformed in cartilage and 
is ossified from 5 primary and 2 secondary centres. 

The five primary centres arc, two for the vertebral arch, one on each side, two 
for the base of the dem (odontoid process) and one for the body. The centres for the 
vertebral arch appear during the seventh or 
eighth week of foetal life, and that for the body 
appears during the fifth month. The two centres 
for the dens (odontoid process) make their 
appearance during the sixth month of foetal 
life, one on each side of the root of its base. 

These two centres fuse together inferiorly to 
form the base of the process before birth and 
remain connected with the body by an interven- 
ing wedge-shaped cartilage. The primary 
centres of the dens (odontoid process) fail to fuse 
superiorly so that a cleft remains which is filled- Fig. 239. The ossification of axis, 
up by a plug of cartilage. 



The two secondary centres arc, one for the cartilaginous tip of the dens (odontoid 
process) and one for the inferior surface of the body. The centre for the cartilagi- 
nous tip of the dens (odontoid process) appears at second year and fuses with the main 
mass before twelfth year. For the lower surface of the body which forms the epiphysis 
of the centrum, ossification appears during sixteenth year and fuses with the rest of 
_ body at 25th year. The vertebral arch unites with the body between third and 
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sixth years. The dens (odontoid process) also fuses with the body by the same time 
but the union is only superficial being limited at its circumferential margin. Its 
central portion takes a long time to become osscously continuous with the body. 


Sacrum, The sacrum is ossified from 35 centres of which 21 are primary and 
14 are secondary. 


Primary centres. Of 21 
primary centres, three are 
for each -sacral vertebra — 
one for the body and two for 
the vertebral arches, and 6 
for the costal elements of the 
upper three sacral vetebrae. 
The primary centres for the 
body of first, second and the 
third sacral vertebrae appear 
at the end of third month, 
and that for the body of the 
fourth and fifth sacral ver* 



tebrae appear between 5th 
and 8th months. The pri- 
mary centres for the costal elements 
appear in pairs, one on each side, at the 
upper and outer margins of the upper 
three anterior sacral foramina between 
fifth and sixth months of foetal life. 

The primary centres for the vertebral 
arches appear during fifth month of 
foetal life. 

Secondary centres. Two secondary 
centres, one for the upper and one for 
the lower surface of the body of each 
sacral vertebra, appear during puberty. 240. The ossification of sacrum. 

Two secondary or epiphyseal centres, 

one for the auricular articular surface, and one for the narrow edge below 
it, on each side, begin to appear at about the same time. Different ossifying 
centres of an individual vertebra fuse together at puberty; at about 18th year 
fusion between the vertebrae commences from below upwards, and by the 2 1st 
year all the vertebrae are fused together except the first sacral vertebra. The latter 
fuses with the rest of the bone at about 30th year and thus completes the formafion 



of sacrum into a single mass of bone. 


Coccyx. At birth the coccyx consists of four cartilaginous nodules and there 
is no ossifying centre at all. Here the primary centre of ossification appears after 
birth (deviation from usual law of ossification)^ Four primary centres, one for each 
segment, appear between first year and twentieth year from above downwards in 
the following order. The centre for the first segment appears between first ana fourth 
years, and that for the second, between fifth and tenth years; the centre for the third 
segment appears between 10th and 15th years, while that for the fourth, appears 
between 15th and 20th years. 

The secondary centres are ten in number of which 8 arc for the four segments, 

2 for each segment, and 2 for the coccygeal cornua, one on each side. The two secon- 
dary centres for each segment, one for its upper and one for its lower surface, appear 
during puberty (16th year) and fuse with the segment at about 25th year. The lower 
three segments fuse together at about the same time but the union of the first segment - 
with the rest is further delayed until 30th year. The centre for the coccygeal cornua 
also appears at the same time (puberty) and fuses with the body at about 25th year. 

In advanced age the coccyx may be united with the sacrum, particularly in the fem" 1 " 
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Errors of development. Errors of development may occur in any of the 
different elements of one or multiple vertebrae. Thus the neural or vertebral arches 
or the centrum may be involved and may give rise to different kinds of developmental 
anomalies. 

Errors of development of nenral arches. (1) Spina bifida occulta — Normally 
the two neural arches of any individual vertebra grow behind and fuse together in 
the median plane to form the vertebral laminae and the spine. In the case of errors of 
development two types of anomalies may be noticed, either the neural arches may 
fail to develop posteriorly so that considerable portion of the laminae arc not formed 
at all, or they may grow behind sufficiently in two halves to form two laminae, each 
giving rise to its own spine, but the latter (spines) fail to fuse together, thus the con- 
dition of split spine may result. Any of the above conditions may be associated with 
a single vertebra or with multiple vertebrae. When it occurs in a single vertebra the 
condition is called the spina bifida and when in multiple vertebrae, the condition 
is called spina bifida occulta. This condition occurs more commonly in the lumbar 
region and when present, it may be associated with saccular protrusion of the spinal 
meninges and nerves, or the cord itself may protrude through the gap and a band of 
fibrous tissue only intervenes between the skin and the meninges opposite the median 
plane. When only the meninges come into the protrusion the condition is known as 
the meningocele ; when the meninges arc associated with a portion of the spinal cord 
with the nerves the condition is known as miningo-mjelocele and when considerable 
portion of the spinal cord together with its meninges and the central canal, 
which becomes much dilated, come in the protrusion the condition is known as the 
syringo-myelocele. 

(2) Complete rachischisis. In this condition growth is arrested in the neural groove 
stage, as a result, the posterior part of the spinal cord, neural arches, muscles and the 
skin opposite the median plane throughout the whole length of the vertebral column 
cannot develop. This condition is extremely rare and is not compatible with life 
birth. 

(3) Incomplete rachischisis or myelocele. This condition also is not compatible with 
life. It differs from the above in that here only some portion of the neural groove 
is arrested in development. 

(4) Sacralization of lumbar vertebra. In this condition cither one or both the 
transverse processes of the fifdi lumbar vertebra may develop sufficiently to fuse with 
the sacrum. 

(5) Cervical rib. The costal clement of seventh cervical vertebra may have an 
additional primary centre of ossification and without fusing with the rest of the 
transverse process it may grow out sufficiently in the form of a rib to form the cervical 
rib. 

(6) Lumbar rib. Similarly the first lumbar transverse process may grow out 
sufficiently to form the lumbar rib. 

Errors of development of centrum. The single cartilaginous centrum 
occasionally has bilateral centres of ossification which normally should coalesce 
together. If any of its orinigal centre of ossification does not progress properly, forma- 
tion of the vertebral body becomes defective, so that, at one side it becomes thicker, 
and on the other side thinner or deficient and as a result, the condition of permanent 
scoliosis (lateral flexion) occurs. The degree of scoliosis depends on the number of 
vertebrae involved. \Vhen both halves of the centrum develop improperly the 
condition of kyphosis (forward bending) results. 

Other anomalies. (1) Spondylolisthesis — In this condition the fifth lumbar 
vertebra together with the whole vertebral column on the top of it is displaced for- 
svard on the sacrum and is associated with unusual strain on the sacro-Oiac articula- 
tion giving rise to low back pain and other pressure symptoms. 

(2) Lumbaritation of the fast sacral vertebra. In this the first sacral vertebra fails 
to fuse with the rest of the sacra! mass. This condidon is also associated wtUi chronic 
dow back pain. 
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lamellae of the investing layer of the deep cervical fascia being thus attached 
enclose a space between them known as the suprasternal space or Space of Bu rjis- 
which contains the anterior jugular vein, the arch of vein connecting the two anterior 
jugular veins (jugular arch), interclavicular ligament, the sternal head of the 'sterno- 
cleidomastoid muscle, sternal lympk gland and some loose areolar tissue. The sternal angle 
formed by the junction of the manubrium stemi and the body lies opposite to the level 
of the lower border of the fourth thoracic vertebra and articulates on either side with" 
the second costal cartilage. It forms a bony prominence on the anterior chest wall 
and as die second costal cartilage articulates on its either side it is an important bony 
landmark for counting ribs. 


Importance of sternal angle. 

(1) It corresponds to the lower border of the fourth thoracic vertebra. 

(2) It forms a landmark for counting ribs as the second costal cartilage arti- 
culates with sternum on either side opposite this angle. 

_[ (3) Thearchofthc aorta terminates into descending thoracic aorta at this level. 

(4) The trachea bifurcates into bronchi at this level. - 
, (5) It corresponds to the anterior 

margin of the plane that 
demarcates the superior 
and inferior mediastinums. 

(6) It corresponds to the arch of 
the azygos vein. 

The clavicular notch articulates with 
the sternal end of the clavicle by the 
intervention of an articular disc form- 
ing a pIane,type_of synovial joint. Its . 
circumferential margin gives attachment 
to the capsular ligament of the sternoclavi- 
cular articulation. Its anterior and post- 
erior margins give attachment to the 
anterior and posterior sternoclavicular liga- 
ments respectively. The cup-siiaped de- 
pression at the upper end of the lateral 
border articulates with the first costal 
cartilage and the joint is a temporary 
(primary) jajtilaginous joint. 

The anterior surface of the manu- 
brium on cither side gives origin to 
pcclmalis major. Close to its upper end 
this surface gives origin to the sternal head 
of Jfie simivzlriiomosUnd rrnutft on cither 
side of the median plane. Its posterior 
surface, immediately below the clavi- 
cular notch, gives origin to some fibres 
or the sternohyoid muscle. Below this, 
extending downwards and medially 
from the level of the first costal facet, 
the sternothyroid arises. In addition to 
the attachments of the above muscles 
the posterior surface is in relation to a 
» host of important structures. I L forms _ 
the anterior boundary of the superior 
mediastinum. The arch of the aorta is 
in relation to the lower-half of the 

posterior surface while its upper-half is «>“u>racmj. 

in relation to the great vessels that are arising from the arch, and from right to the 
* side, they are the brachio-cephalic (innominate), left common carotid and the left 
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subclavian arteries; the left brachio-cephalic ( innominate ) vein also comes into rela- 
tion with this part of the bone as it crosses in front of the roots of these great 
vessels. On either side it gives attachment to the parietal pleura and is in relation 
to the anterior margin of the lung . In front of the great vessels and in between the 
pleural attachments on either side it is related to the remains of the thymus gland; , 
opposite the median plane in the upper half, it is related to trachea which appears ’ 
between the divergence of the left common carotid and the left subclavian arteries. 

The. body of the sternum lies opposite to the fifth to t he ni nth thoracic vertebrae. 
Its anterior surface gives origin to pecloralis majoT’bn'eifher sideband is subcutaneous 
between these two muscles. The margins of the costal notches give attachment to the 
capsular ligament of the slemo-costal articulations which a re sy novial joints. Inferior]/ the 
posterior surface, on either side, gives origin to the transversus thoracis ( ' stcrocosldis 
muscle,) Throughout its whole length, close to the right lateral margin, the posterior sur- 
face gives attachment to the parietal pleura and is in relation to the anterior margin of 
the righrlungrOiT the left side the parietal pleura is attached to it upto the level of the 
fourth costal cartilage. Besides the above attachments the posterior surface of the body 
bears the following relations. On the right sid e it is in relation to the anterior margin of 

the right lung which separates it from 
the pericardium with the parietal 
pleura intervening. On the left 
side, upto the level of the fourth 
costal cartilage, it is in relation to 
the anterior margin of the left lung, and 
below this, it is in direct relation 
to the pericardium and gives attach- 
ment to the anterior stemo-pcricardial 
ligament. The intervening margin 
between the costal notches gives 
attachment to the external ( anterior ) 
intercostal membrane. 

The Xiphoid Process lies in the 
floor of the epigastric fossa. It is 
about half the thickness of the 
body of the sternum and as its 
posterior surface is flush with the 
posterior surface of the latter (body 
of sternum) the xiphi-stemal 
articulation corresponds to a sharp 
transverse ridge anteriorly in the 
living subject and forms an im- 
portant landmark. 

It is usually irregular in its 
general outline. But it may 
be curved anteriorly, it' may be 
bifurcated below or it may be 
diverted to one or the other side. 

Its anterior surface gives insertion 
to the medial fibres of the rectus 
abdominis on either side and to the 
aponeurosis of the external oblique 
muscle wliich covers the rectus 
abdominis in this situation. Its 
posterior surface gists origin to 
diaphragm muscle close to its tip, and on either side of its upper part, origin to some 
fibres of the transversus thoracis ( stcmocostalis muscle). The posterior surface of the 
xiphoid process is in relation to the l ejll obi of the dicer. The lateral margin of the 
xiphoid process on either side gives insertion to obliquus internets abdominis and 
transversus abdominis. Its lower end gives attachment to the linea alba. t 
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Importance of xiphisternal articulation. It forms an important median land* 
mark on the lower part of the anterior chest wall and the seventh costal cartilage 
articulates with the ster- 
num on either side; it 
corresponds to the lower 
surface of the heart, 
upper border of the mid- 
line dome of the dia- 
phragm and the upper 
surface of the liver; the 
costal pleura is reflected 
on to the diaphragm 
anteriorly at this level. 

It corresponds to the 
lower border of the ninth 
thoracic vertebra. 

Development. Dur- 
ing early embryonic life 
the sternum consists of 
two plates of cartilages, 
one on each side of the 
median plane. The 
upper nine costal car- 
tilages remain attached 
to each sternal plate at 
this stage and the two 
plates are connected together at their upper end by the epistemal bar which also 
connects the two clavicles. By the eighth week of foetal life the sternal plates are 
united together to form the cartilaginous sternum. Subsequently the eighth costal 
cartilage usually loses its connection with the cartilaginous sternum. The ninth 
costal cartilage on each side splits into two parts, one remaining connected with 
the sternum and the other with the eighth costal cartilage : subseqently the portion 
connected with the sternum loses its connection with the ninth costa! cartilage and 
gets fused with the fellow of the opposite side to form the xiphoid process. Defects 
m the union may^ result in the formation of a Joramen in the xiphoid process or 
it may be forked infcriorly. Failure of fusion drtlifc centres of ossification" of the 
second, third or the fourth sternal segments of the body may result in the formation 
of sternaHbramcn. 

Occasionally two small ossicles, the suprasternal &o/i£i,_situated one on each side 
of the jugular (suprasternal) notch may be present. They are found to be attached 
to the articular disc of the stemo-clavicular joint. They are believed to represent 
the epicoracoid element of primitive girdle. 
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Ossification. The cartilaginous sternum is ossified from 6 centres, five 
primary and one secondary. The mandbrium stemi and the body are ossified 
from primary centres whereas the xiphoid process is ossified from the secondary centre. 
The manubrium stemi is usually ossified from one primary centre Which appears 
during sixth week of foetal life. The first segment of the body is usually ossified 
from one primary centre while in the lower three segments there may be two 
primary centres in each segment which are disposed bilaterally; the centres appear 
one after another from above downwards from seventh month to shortly before 
birth. The secondary centre for the xiphoid process appears during the third year 
of life and it unites with the body at the age of forty years. The manubrium unites 
with the body in extreme old age and the union is only superficial. The union 
between the different sternal segments beings at puberty from the lower segments and 
they arc all united during the twenty-fifth year. 

Structure of the sternum. The sternum is composed of outer and inner 
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compact layers together with an intervening layer of highly vascular spongy 
structure between these two compact layers. 



Fig. 244. The ossification of the sternum. 


N. B, Sternal puncture is done by perforating the anterior compact layer of the 
manubrium stemi opposite to the median plane where it is subcutaneous and blood 
is withdrawn from the highly vascular spongy layer containing marrow for some 
pathological investigations (For Leishman Donovan bodies, anaemia, leukaemia etc). 

RIBS (COSTAE) 

Ribs are the elastic arches of flat bone which are twelve in number on each of the 
thoracic wall and are numbcrecTfrom above downwards. The first seven pairs of 
ribs articulate, in front, with the sternum and behind, with the bodies of the first seven 
thoracic vertebrae and are called true ribs or vertebrosternal ribs. The remaining five 
ribs are called false ribs because they have no direct connection with the sternum. 
The eighth, ninth and the tenth ribs articulate anteriorly with the costal cartilage 
of the rib above and posteriorly with the vertebral column and hence they may be 
called verlebro-ehandral ribs. The eleventh and the twelfth ribs articulate posteriorly 
with the vertebral column but anteriorly they end in a free extremity and hence they 
may be called vertebral ribs or footing ribs. 

Ribs 

I 

True ribs or vertehro-stemal ribs False ribs (Last five pairs of ribs) 

(first seven pain of ribs) I 


Vertebro-chondral ribs Vertebral ribs or floating ribs 

(8th, 9 th and 10th ribs) (11th and 12 th ribs) 

The ribs in the articulated skeleton contribute largely to the formation of the 
bony thoracic cage and form its anterior, posterior, and lateral walls. They are 
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situated one below the other in such a way that spaces are left between them which 
are known as intercostal spaces and the muscles, vessels and nerves that occupy this 
space are named accordingly as intercostal muscles, intercostal vessels and inter- 
costal nerves respectively. Ribs are obliquely placed and hence the intercostal spaces 
are deeper in front than behind. They increase gradually in length from first to the 
seventh rib where it attains its maximum length, and below this, they again gra dually 
diminish in length upto the last rib. ~ ' 

The first, second, tenth, eleventh and the twelfth ribs present special features and are 
called atypical or peculiar ribs and the remaining ribs maintain common features and 
are known as typical ribs. 


TYPICAL RIBS 



General features. 
Each typical rib consists 
of an anterior and a poste- 
rior end and an interven- 
ing portion known as the 
body or shaft. 

The ANTERIOR END 
presents a cup-sliaped 
depression which arti- 
culates with the corres- 
ponding costal cartilage. 

The POSTERIOR END. 
consists of a head, a neck 
and a tubercle. The head 
presents two small facets 
—upper and lower, sepa- 
rated from each other by 
a ridge knosvn as the crest 
of the head. The lower 
facet of the head .articu- 
lates with a similar* facet 
on the body of the' numer- 
ically corresponding ver- 
tebra whereas the upper 
facet articulates with the 
vertebra above. The crest 
corresponds with the inter- 
vertebral disc. The neck 
is flattened from before 
backwards and just succe- 
eds the head. It measures 
about one inch in length 
and lies opposite to the 
transverse process of the 
corresponding vertebra. 
It consists of anterior 
and posterior surfaces and 
upper and lower borders. 
The anterior surface of 
the neck is smooth and 
is directed upwards and 
forwards. Its posterior 
surface looks downwards 
and backwards and is 
rough. It is pierced by 
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numerous vascular foramina, The upper border of the neck is raised, sharp and 
prominent and is called the crest of the neck. Its lower border is smooth and round- 
ed. The tubercle of the rib iTpIaced oh the lateral part of the posterior surface of the 
neck and marks the line of demarcation between the neck and the body. It is 
divisible into a medial articular portion and a lateral non-articular portion. The 
medial articular portion presents a facet which articulates with' a similar facet on the 
transverse process of the numerically corresponding vertebra. 

The body or shaft of the rib is flat and consists of an outer or external surface, an 
inner or internal surface and superior and inferior borders. It is curved on itself 
and its inner surface is concave and its outer surface is convex. It is also bent and 
twisted on itself and at the point of bending it forms an angle on its external sur/ace 
known as the angle of the rib which lies at a distance of about 2 inches from the 
tubercle. 'Due fo fhe twisting, the external surface of the posterior part of the 
body looks downwards and 
laterally and its internal 
surface looks upwards and 
medially. Opposite to the 
angle of the rib the externa} 
surface is marked by an 
oblique ridge directed down- 
wards and laterally. Close 
to the lower border of the 
internal surface there is a 
groove known as the costal 
groove which is bounded 
below by the lower border 
of the shaft and above by a 
raised margin which is conti- 
nuous with the lower border 
of the neck ’posteriorly. 

Anteriorly this ridge or 
margin cannot be traced be- 
yond the junction of the 
middle and the' anterior-third anterior end 

of ~ the Tib* 1 and. the costal Fig. 246. A typical rib or right tide . Posterior aspect, 
groove is deficient beyond 

this point. The inferior border of the rib is sharp and forms the inferior margin of 
the costal groove. The superior border^ of the shaft is rounded and is divisible 
into outer and inner lips which are indistinctly marked close to its anterior 
extremity. 

Particular features. The circumferential margin of the head gives attach- 
ment to the capsular ligament of the costovertebral joint. Its anterior margin and the 
adjoining anterior surface of the neck give attachment to 'the Radiate ligament which 
connects the rib with the numerically corresponding vertebra and "with the vertebra 
above. The crest of the head gives attachment to the intra-arlicular ligament which 
connects it with the intervertebral disc- The anterior surface of the neck is marked 
above by a ridge which extends laterally to. become continuous -with the inner lip 
of the superior border of the shaft. This ridge gives attachment to the internal (posterior) 
intercostal membrane and subdivides the anterior surface into upper smaller and lower 
larger areas; the upper area is covered by a pad of iat while the lower area is covered 
by the parietal pleura. In the lower ribs this surface adjoining the anterior margin 
of the head is cross©! by the sympathetic trunk; the posterior surface of the neck gives 
attachment to the inferior costo-transverse ligament. The’crest of the neck gives attach- 
ment to the superior cosh-transverse ligament. It is continuous laterally with the outer 
lip of the superior border of the shaft; the inferior border of the neck is rounded 
and gives attachment to the internal {posterior) intercostal membrane. The non-articular 
part of the tubercle gives attachment to the lateral costo-transverse ligament. 
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The ridge which marks the position of the angle on the external surface of the 
body gives attachment to the lumbar fascia and to the lateral fibres of the ilio-costo- 
cervicalis. The area between ffie tubercle and the angle gives insertion to levator 
costarvm and is covered by sacrospinalis. Close to the anterior end the external 
surface is marked by a faint ridge (which marks the anterior angle) and the area in 
front of this ridge gives origin to obliquus externus abdominis and the area behind it 
gives origin to serratus anterior (3rd to 8th rib) and to latissimus dorsi in case of 9th 
and 10th ribs. The upper margin of the costal groove gives origin to intercoslalis 
i nltmus, it3 floor to tnlercoslalis intemus and its lower border to intercoslalis externus. 
The costal groove lodges the intercostal vein, intercostal artery and the intercostal nerve 
from above downwards The inner lip of the superior border gives insertion 
to intercoslalis intemus and inlimus; its outer lip gives insertion to intercoslalis 
exlemus. 


THE FIRST RIB ' 


Special features. (1) It is most curved and its surfaces are superior and 
inferior. (2) The head is small and bears only a single facet which articulates with 
the upper part of the body of the first thoracic vertebra. (3) The neck is rounded 
and is directed upwards, backwards and laterally. (4) The angle of the first rib 
coincides with the tubercle and the bone is bent at this point and the head is directed 
downwards, forwards and medially. The tubercle is very prominent and bears only 
the articular surface. (5) The superior surface of the body is rough and irregular 
and on it there are two grooves separated from each other by an indistinct ridge which 
ends medially into a tubercle known as the scalene tubercle situated on the inner border 
of the rib. (6) Its borders are outer and inner; the outer border is convex and the 
inner border is concave. (7) The inferior surface is smooth and there is no costal 

groove. *— 


Identification of sides. Hold the 
bone in such a way that its upper 
rough surface carrying two grooves 
looks upwards, the expanded anterior 
extermity looks forwards and down- 
wards, the small head looks dow- 
nwards, forwards and medially and 
the outer convex margin will deter- 
mine the side to which the bone 
belongs (place the bone on a plane 
surface and if the two ends of the 
bone touch the surface know that 
the inferior surface lies against the 
flat surface). 

Particular features. The margins of the facet on the head give attachment to 
caprular ligament of the first costo-vertebral joint. The anterior margin of the head 
gives attachment to radiate ligament, the posterior margin of the neck to inferior costo- 
transverse ligament , superior margin to superior eoslo-transverse ligament and the lateral 
part of the tubercle to lateral costo-transverse ligament. From lateral to the medial side 
the anterior aspect of the neck of the first rib is in relation with the first thoracic 
nerve, the first posterior intercostal vein, the superior intercostal artery and the sympa- 
thetic trunk together with the first thoracic ganglion (stellate ganglion) ; theanterior pri- 
mary ramus of the first thoracic nerve ascends upwards to join the brachial plexus ; the 
superior intercostal artery from the costo-cervical trunk and the sympathetic trunk 
descend downwards; the first posterior intercostal vein ascends upwards to terminate 
either in the left brachio-cepbalic (innominate) vein or in the left vertebral vein. The 
apex of the lung lies in front of the neck being separated by the parietal pleura. 

The anterior of the two grooves on the upper surface lodges the subclavian vein 
.and the posterior groove lodges the subclavian artery and the lowest trunk of the 
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ridge on the upper 
surface gives insertion 
to scalenus anterior. 
The rough area 
behind the posterior 
groove gives insertion 
to scalenus medius and 
extends up to the 
tubercle. A narrow 
strip of bone adjoin- 
ing the outer border 
and lying opposite to 
the posterior groove 
gives origin to a 
part of the first 
digitatton of the 
serratus anterior ; the 
inner border through- 
out its whole length 
gives attachment to 
suprapleural membrane. 
(Sibson’s fascia), a 
strong layer of fascia 
which extends from 
the transverse process 
of theseventh cervical 
vertebra to the inner 
border of the first nb 
and covers the cervi- 
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pleura. The inferior 
surface is smooth and 
close to the outer 
border it gives origin 
tUo mtpmm inner. 
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and the tubercle the area gives insertion to scalenus posterior anteriorly and sonatas 
posterior superior posteriorly; in addition it has the same attachment as that of the 
typical ribs. 


HEAC 



Fig. 250. The right second nb Superior aspect with 
attachments. 


Tenth rib. The tenth rib bears all the characteristics of a typical rib except 
that it has a single articular facet on the head. 

Eleventh rib. The eleventh rib bears the following special features; 

(1) It bears a single facet on the head. 

(2) It has no neck and no tubercle. / 

(3) There is a faintly marked * angle ' oh the outer surface. 

(4) It bears a faintly matted costal groove on its internal surface. 

(5) Its anterior extremity is pointed. 
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Twelfth rib. Characteristic features 

(1) It has a single facet on its head 

(2) Its anterior end is pointed. 

(3) It has no neck, no tubercle, no angle and no costal groove. 



Side determination. Hold the bone in such a way that its pointed end looks 
forwards and laterally, its head looks backwards and medially, its concave anterior 
or internal surface looks upwards and medially ahd the convex lateral surface which 
looks downwards and laterally will determine the side to which the bone belongs. 
(This same principle is also applicable to the side determination of the eleventh rib). 

Particular features. The lower part of the anterior or internal surface of the 
medial half of the twelfth rib gives insertion to quadratus lumborum and attach- 
ment to the anterior lamella of the lumbar fascia" above the muscle. The lateral 
arcuate ligament which is a thickened oblique band is attached to the lower border 
of the twelfth rib lateral to the quadratus lumborum and extends obliquely down- 
wards and medially across the front of the quadratus lumborum for gaining its attach- 
ment to the front of the transverse process of the first lumbar vertebra. The costal 
pleura is attached to its anterior surface along a line which passes obliquely down-} 
wards from the upper border lateral to the head to the level of the upper attachment 
of the quadratus lumborum and then passes laterally and upwards to gain the upper 
border again just medial to the tip. Thus the anterior surface close to the Up is 
devoid of pleural attachment. The area of the anterior surface above the line of 
attachment of the costal pleura is in relation with the costo-diaphragmatic recess of 
the pleural sac. Its posterior pr externa] surface in its medial half gives attachment 
to lowest levator costae, longissimus thoracis and ilio-costalis in order from medial to 
lateral side. Its lateral half gives attachment to serralus posterior inferior, latissimus 
dorsi and obliquus extemus abdominis in order from medial to lateral side. Its upper 
border gives insertion to inlercostalis inlemus^ and extemus ; its lower border close to the 
head gives attachment to the lumbocostal ligament and to the rest ofits extent it gives • 
attachment to the middle lamella of the lumbar fascia. 

Anteriorly the twelfth rib is in relation to the posterior surface of the kidney and 
the subcostal vessels and nerve lie along its lower border. 

Structure of ribs. A rib is composed of highly vascular spongy bone internally 
and is surrounded by a tube of compact bone externally. 'Hie internal compact layer 
is thicker and stronger than the external one and both the layers become thickest 
and' strongesfoppositethe angle of the bone; the compact bone overlying the borders 
is comparatively thinner than that lines the surfaces. The nutrient canal begins 
in the costal groove and proceeds towards the vertebral end. * 
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Ossification. TJie main portion of each rib develops from one primary centre 
which appears in the region of the angle during the sixth week of foetal life and 
then spreads in both the directions. The first, seventh, eighth, ninth and the tenth 
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JIRRATUS POSTS*©* INFERIOR A ROOM IN IS 

Fig. 253 The sight 12ib nb. Inner (upper two) and outer aspects (lower) 
with attachments. * 

ribs each has got two epiphyses, one for the head and one for the tubercle which 
ossify from secondary centres of ossification. From second to sixth ribs, each has 
three epiphyses, one for the head, one for the non-articular part of the tubercle 
and the other for the articular part of the tubercle. The eleventh and the twelfth 
rib each has only one epiphysis for the head. Ossification begins in the epiphyses 
of the ribs at puberty ana they fuse with the rest of the bone at 25th year of life. 

THE THORAX AS A WHOLE 

The osseo-cartilaginous framework of the chest constitutes the thorax which 
encloses a cavity for the lodgement of the heart and lungs with great vessels, nerves 
and trachea and oesophagus and other structures. It is conical in shape being 
narrow above and broad below. Due to projection forwards of the vertebral 
bodies the thoracic cavity appears to be kidney-shaped on transverse section. 
However, its shape varies with age, sex and bodily habitus. 

A birth both the antero-posterior and transverse diameters are almost 
equal while in the foetus the antero-posterior diameter is larger than the 
transverse diameter. The relation between these two diameters is expressed by 
transverse diameter x 100 . . . . . . , T , _ . . 

-r— : — — — — and is known as thoracic index. In the foetus it is 

Antero-posterior diameter 

\ below 100 and in the adult it varies between 130 and 135 (Frazer). 
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It presents for examination an inlet, an outlet and four walls, anterior, posterior 
and two lateral. 

Inlet of thorax. The superior aperture of the thorax is known as its inlet. 
It is bounded in front by the upper border of the manubrium sterni and the first 
costal cartilages, behind by the body of the first thoracic vertebra and on either 
side by the first rib. The plane of the inlet is oblique in direction; it inclines down- 
wards and forwards, so that, its anterior boundary is much lower than its' posterior 
boundary; the latter corresponds to the body of the first thoracic vertebra whereas its 
anterior boundary corresponds to the disc between the bodies of the second and the 
third thoracic vertebrae. 

iStrudum passing through the inlet are apices of the lungs and pleura, trachea, 
oesophagus, phrenic, vagus, cardiac nerves and the sympathetic nerve trunks, superior 
intercostal, left subclavian, left common carotid and terminal part of the brachio- 
cephalic (Innominate) arteries, right and left brachiocephalic veins and thoracic duct. 

Outlet of thorax. It is much larger than the inlet and is bounded behind 
by the body of the twelfth thoracic vertebra, in front by the cartilages of I Oth, 9th, 
8th and 7th ribs and on each side by I Ith and 12th ribs. The outlet or the inferior 
aperture of the thorax is closed by the diaphragm muscle in the recent state. 

The thoracic cavity. It is bounded in front by the sternum with costal 
cartilages, behind by the bodies of the thoracic vertebrae together with the posterior 
ends of the ribs, and on either side, by the ribs. Posteriorly on either side of the vete- 
bral column there is a gutter, the pulmonary groove* which is occupied by the posterior 
thick border of the corresponding lung. 

Three diameters — namely, vertical, transverse and antero-postcrior, are taken 
into consideration in respect of the thoracic cavity. The vertical diameter is measured 
from inlet to the outlet; the transverse diameter can be measured from the centre of a 
given intercostal space to the centre of the same space on the opposite side. The 
antero-posterior diameter extends from anterior to the posterior wall; it is smaller in the 
median plane than that opposite the paravertebral gutter. 

Sexual differences. In the female the thorax is shorter, less capaceous and 
is made up of bones which are lighter. The sternum is shorter in the female and its 
upper border corresponds to the lower border of the third thoracic vertebra whereas 
in the male it corresponds to the disc between second and third thoracic vertebrae; 
the upper thorax is more movable in the female. 

THE COSTAL CARTILAGES 

The costal cartilages are twelve in number on each side and each is connected 
to the anterior end of the corresponding rib. The first seven pairs connect the 
corresponding ribs with the sternum while the eighth, ninth and tenth cartilages 
fail to reach the sternum and each is united with the lower border of the cartilage 
above by synovial joints. The eleventh and twelfth costal cartilages are mere 
nodules of cartilages tipping the corresponding ribs and they remain free without 
having any connection between themselves. In length, breadth and direction the • 
' costal cartilages vary considerably. They gradually increase in length from above 
, downwards upto seventh costal cartilage and then gradually diminish in length 
to the twelfth. In breadth they gradually diminish from first to the last costal 
cartilages. The second costal cartilage is horizontal in direction, the first inclines 
downwards while the third slightly ascends upwards. The remaining costal carti- 
lages are bent on themselves so that their costal ends descend while their sternal 
ends ascend upwards, in other wards, each has an angular bend the point of which 
is directed downwards. 

Each costal cartilage has two ends, two borders and two surfaces. The medial 
ends of the first seven costal cartilages are connected to the sternum at the costal 
notches, the first one by synchondrosis and the others by synovial joints. TTxe 
medial ends of the eleventh and twelfth are free; those of the eighth, ninth and 
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tenth costal cartilages are pointed and are connected to cacli other by synovial 
joints. The lateral ends of the costal cartilages are continuous with the corresponding 
ribs, the periosteum of the ribs being continuous with the perichondrium of 
the cartilages. The surfaces are anterior and posterior. The anterior surface 
of each costal cartilage is convex and is directed forwards and upwards. 
The anterior surface of the first costal cartilage gives attachment to the 
articular disc of the sternoclavicular joint, costodavicular ligament and origin to 
the subdavius muscle. Close to the medial ends the anterior surfaces of the first 
seven costal carulagcs give origin to pectoralis major muscle and the anterior 
surfaces of the rest give attachment to the flat muscles of the abdomen. The posterior 
surface of each cartilage is concave and is directed downwards and backwards. The 
posterior surface of the first costal cartilage gives origin to sternothyroid musde. 
The posterior surfaces of the succeeding cartilages upto sixth give origin to tram- - 
versus thoracis (stemocostalis) while those of the lower six give origin to transversus 
abdominis and diaphragm muscles. The borders of each costal cartilage are superior 
and inferior. The superior border is concave while the inferior border is convex. Both 
the superior and inferior borders gne attachments to internal intercostal muscles 
and external intercostal membranes. The lower or inTcrior borders of sixth, seventh, 
eighth and ninth cartilages are bent on themselves and at their point of maximum 
bend each presents a conical projection which articulates by an oblong facet with 
the projection on the upper border of the cartilage below. 

In advanced age the costal cartilages undergo superficial ossification under- 
neath the perichondrium and thus a thin shell of bone is formed around it. 

THE SCAPULA 

The scapula is a large triangular flat bone situated on the postero-Iateral 
aspect of the upper part of the thorax and extends from the second to the 
seventh rib. It presents for examination costal and dorsal surfaces, superior, medial 
and lateral borders and three processes — the spine and its continuation, die acromion, 
and the coracoid process, and three angles, superior, lateral and inferior. The 
most conspicuous feature of the dorsal surface is the presence of the spine which 
projects backwards and is continued lateral wards as an expanded plate known as 
the acromion. Its costal surface is hollowed out and looks forwards and medially. 
Its lateral angle is truncated and presents a pear-shaped articular surface known as 
the glenoid cavity which articulates with the head of the humerus. The apex of tills 
triangular plate of bone which is formed by the union of the lateral and medial borders 
is known as the inferior angle and is directed downwards. 

Side determination. Hold the bone in such a way that its dorsal surface 
carrying the spine and the acromion looks backwards, its inferior angle looks down- 
wards and the glenoid cavity which is directed forwards, laterally and slightly 
upwards will determine the side to which the bone belongs. 

General features. The lateral or axillary border is the thickest of 
all and begins from the lower part of the glenoid cavity, and descending 
vertically downwards it ends at the inferior angle. Just below the glenoid 
cavity this border presents a rough impression known as the infragUnoid 
tuberosity. The medial or the vertebral border is the longest of all and begins 
from the superior angle above and ends below in the inferior angle. The 
superior border is the thinnest and shortest of all and begins from the supe- 
rior angle and passing horizontally lateralwards it ends into a notch, the supra- 
scapular notch, which separates it from the root of the coracoid process. 

The inferior angle is formed by the union of the lateral and medial 
borders and is directed downwards; it lit r opposite to the seventh rib. The 
superior angle is formed by the union ST the superior aud Ki uJi.il - bind ers 
and is directed upwards and medially. The lateral angle corresponds with 
the glenoid cavity and b broad ana forms the head of -the scapula; imrae- 
i* dvately above the glenoid cavity, close to the root of die coracoid process, . 
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there is a rough, impression known as the supraglenoid tubercle . Just succeed- 
ing the head, the constricted portion of the bone beyond the glenoidal margin 
. constitutes its anatomical tuck ; it cor responds to a line passing from above the infra - 
glenoid tube rosity to the .rnnL-nf. th s^coracoid process adjoining the supra glenoid 
tub erosftyr~ ~The Surgical neck corresponds to a tine passing from the anterior margin 
of the" suprascapular notch to the infraglenoid tuberosity. 

The costal surface is concave and hollowed out and is directed forwards and 
medially. Close to the lateral border it presents a rounded vertical ridge which is 
. separated from the lateral border by a shallow vertical groove. From opposite to 
* the level of the spine this surface presents a series of oblique ridges which give attach- 
ment to the intramuscular tendon. The dorsal surface is divided into a smaller upper 
area and a larger lower area by the shelf-like bony projection known as the spine. The 
upper area is known as the supraspinous fossa , whereas the lower area is known as the 
infraspinous fossa and these two fossae communicate with each other through a notch 
— the spino-glenoid notch (great scapular notch) — formed by the free lateral border of 
the spine and the dorsal surface of the neck of the scapula. Close to the lateral border 
the dorsal surface is marked by a flattened strip which separates the axillary border 
from the infraspinous fossa; this flattened strip is narrower above and is broader 
below. A vertical margin separates this strip from the infraspinous fossa and this 
strip is divided by an oblique ridge into upper andjower areas. 



Pig. 254. The left scapula. Ventral aspect. 

The spine of the scapula forms a shelf-life projection from the upper part of the 
orsal surface and is triangular in shape. It consists of anterior, posterior and lateral 
orders, and upper and lower surfaces. The anterior border is fused with the dorsal surface 
f the scapula obliquely upwards and laterally. The posterior border is considerably 
!iick and is known as 1 the crest of the spine. The crest of the spine is divisible into 
pper and lower lips and an intervening area. Close to the vertebral border the lips of 
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the crest diverge from each other and enclose a smooth triangular area. The lateral 
border of the spine is thick and rounded and is continuous above with the under sur- 
face of the acromion; together with the dorsal surface of the neck it forms the 
spinoglenoid notch. The upper surface of the spine is gently concave and is con- 



tinuous with the supraspinous fossa. Its lower surface is slightly convex and is 
continuous with the infraspinous fossa. 

The Acromion is the expanded plate of bone which extends Laterally from the 
spine and overhangs the glenoid cavity; the long axis of the acromion meets the long 
axis of the spine at an angle which measures a little more^than 90°. It consists of 
lateral and medial borders and superior and inferior surfaces. The lateral border is 
rough and knobbed and meets the lower lip of the spine to form an angle — the 
acromial angle — which forms a subcutaneous bony prominence. Its medial border 
presents a small articular facet for articulation with the lateral end of the clavicle. 
Its upper surface is rough and subcutaneous; its inferior surface is smooth and forms a 
greater part in the formation of the coraco-acromial arch. 

The coracoid process of the scapula arises from the upper part of the head 
and intervenes between the suprascapular notch and the upper end of the glenoid 
cavity. At first it ascends slightly upwards and medially and then abruptly bends 
forwards and laterally. Thus it may be divisible into ascending and horizontal portions; 
the ascending part is broad, short and stout and its anterior surface is smooth and 
concave; it3 dorsal surface is rough and presents a rough impression where it meets 
the horizontal part. The horizontal portion projects forwards and is twisted and 
presents lateral and medial borders and upper and lower surfaces and a conical extremity or 



LOCOMOTOR SYSTEM 


229 


end. Its lateral border is smooth whereas its medial border is rough. Its upper surface 
is also rough whereas its lower surface is smooth. 

Particular features. The whole of the costal surface except the roughened 
strip opposite to the vertebral border and except over a small area adjoining the 
neck gives origin to the subscapularis muscle which extends over to the rounded 
ridge and the groo'e adjoining the axillary border. The oblique ridges give attach- 
ment to the intramuscular tendon. The smooth hollow opposite to the neck is 
occupied by the subscapular bursa which intervenes between the bone and the sub- 
scapularis tendon. The roughened strip opposite to the vertebral border which 
extends on to the ventral aspect of the inferior angle, gives insertion to serratus anterior 
muscle. The first and second digitations extend from the superior angle to a point 
opposite to the apex of the spine, below that up to the upper part of tire inferior angle 
it receives the third and the fourth digitations and the oval impression opposite to the 
inferior angle receives fifth to the eighth digitations. 

The supraspinous fossa gives origin to svpraspinalus muscle; the margin separat- 
ing the infraspinous fossa from the flattened strip’ gives attachment to intermuscular 
septum which separates the infraspinatus from the teres major et minor. The upper 
part of the flattened strip gives origin to teres minor , and its lower part to teres major 
and the oblique ridge separating these two areas gives attachment to the intermuscular 
septum between the teres major et minor. A transverse groove crosses the upper area 
and transmits the circumflex scapular vessels which intervene between the teres minor 
and the bone. The infraspinous fossa gives origin to infraspinatus muscle. The dorsal 
surface of the inferior angle gives origin to some fibres of the laiissimus dorsi. 

The lateral border is thick and is overlapped behind by the teres major et 
minor and in front by the subscapularis. The infraglenoid tubercle gives origin to 
the long bead of the triceps brackii. The vertebral border is bent opposite to the apex 
of the spine. From the superior angle to the upper part of the apex of the spine the 
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dorsal aspect ot the vertebral border gives insertion to Uvalor scapulae, opposite to apes 
it gives insertion to rhomboldeus minor and below that up to the inferior angle it gives 
insertion to rhomb oideus major. The superior border of the scapula is thin and short 
and near the suprascapular notch it gives origin to the inferior belly of omohyoid. The 
margins of the suprascapular notch give attachment to the suprascapular ligament 
which converts the suprascapular notch into suprascapular foramen winch trans mits 
the suprascapular nerve; the suprascapular vessels cross over the suprascapulaFUgament 
to enter into the supraspinous fossa. 



The inferior anole of the scapula lies opposite to the seventh rib and its dorsal 
surface gives origin to some fibies of the fclmtmtu dorsi and its ventral surface gives 
insertion to lower four or five digitations of the serratus anterior. The superior 
ancle is covered by the trapezius muscle. The lateral angle is truncated and 
presents a pear-shaped articular surface known as the glenoid cavity which arti- 
culates with the head of the humerus and forms the shoulder joint which is a 
“ball and socket” sub-group of the synovial joint. The margins of the glenoid 
cavity give attachment to the glenoidal labrum. The supraglenoid tubercle at the 
root of the coracoid proc ess gives origin to the l5nfff dd' of Jhe .bicetis brachii. TBS 
papSularTIgamcnt ofthe shoulder joint is'aMadiedlo the circumferential margin of 
the glenoid cavity beyond the glenoidal labrum; superiorly, it extends to the root 
of the coracoid process so as to enclose the origin of the long head of biceps brachii * 
within its attachment; although the long tendon of biceps brachii is intracapsular 
it is always extra-synovial, that is, it lies outside the lining of the synovial membrane. 

The upper and the lower surfaces of the spine give origin to supraspinahu and 
infraspinatus respectively; the lower lip of the crest gives origin to deltoid muscle. Its 
upper lip gives insertion to the lowest fibres of trapezius which extends into dorsal 
subcutaneous area for a small extent dose to the apex of the spine; the intevening 
area is subcutaneous ; the triangular area opposite to the apex of the spine is covered 
by the tendon of the trapezius musde and a bursa intervenes between the tendon and - 
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the bone. The lateral border of the spine together with the dorsal surface of the 
neck forms the spinoglcnoid notch which transmits the suprascapular vessels and tunes 
to the infraspmous fossa. 

The superior surface of the acromion is 
subcutaneous ; its lateral border gives origin 
to the deltoid muscle. The tip of the acro- 
mion gives attachment to coracoacromial liga- 
ment, Its medial margin presents an 'arti- 
cular facet which articulates with the lateral 
end of the clavicle; the margins of the 
facet give attachment to the capsular ligament 
of the aeramio-dactcular joint. Behind the 
articular facet the medial border gives inser- 
tion to the middle fibres of the trapezius 
muscle. The over-hanging acromion, the 
coracoacromial ligament and the coracoid 
process, all together form an arch — the 
coracoacromial arch which supports the 
head of the humerus when the arm is 
fully abducted and prevents its upward 
displacement. The tendon of the supraspi- 
natus muscle passes through the arch before 
its insertion and is separated from the inferior 
surface of the acromion by the rubacromial 
bursa. 

The coracoid process of the scapula 
projects forwards and lies below the junction 
of the lateral one- fourth with the medial 
three-fourths of the clavicle. The hollowed 
out anterior surface of its ascending part is 
occupied by ilicsvbscapular bursa and the tendon 
of the subscapularis muscle. Its posterior surface 
is crossed by the tendon of the supraspinatus 
and the rough impression at the junction of the ascending and the horizontal parts 
gives attachment to the conoid part of the eoracoclaoicular ligament (derived from 
prccoracoid element) while its ahmsm 

trapezoid part is attached to the 
riclge on the upper surface of the 
horizontal part. The margin of 
die suprascapular nofc?i formed 
by the ascending part gives attach- 
ment to the suprascapular ligament. 

The lateral border of the hori- 
zontal part gives attachment to 
the coracoacromial ligament both 
in front, and behind, and in the 
middle, it gives attachment to the 
coracohumeral ligament (Divorced 
tendon of pectoralis minor). The 
medial border of the horizontal 
part and the adjoining upper 
surface give insertion to the 
pectoralis minor. The tip of the 
coracoid process gives origin to 
the common tendon of coracobrac - 
kialis and the short head of the biceps 
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fig. 259. Centres of ossification of scapula. 


brachii, the coracobrachial is being medial and the short head of the biceps brachii 
being lateral. 
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Ossifications. The scapula ossifies from two primary and seven secondary (nitres. 
The primary centre for the body appears in the region of the neck during the eighth 
week of foetal life and forms a triangular plate of bone. The primary centre for the 
coracoid process appears in the first year. The spine appears as a ridge on this trian- 
gular plate of bone during the third month. At birth the glenoid cavity, the ccra-^ 
cold process, the acromion, the vertebral border and the inferior angle are 
cartilaginous. Two secondary centres in the acromial cartilage, one close to the 
base and the other close to the rip, appear during the fifteenth and the sixteenth years 
respectively and soon fuse to form, the acromion which joins with the spine at twentieth 
year. Secondary centre for the root of tire coracoid process including the upper 
portion of the glenoid cavity (subcoracoid) appears at the seventeenth year. The 
secondary centre for the vertebral border appears at the seventeenth year. The 
secondary' centre for the inferior angle appears at the sixteenth year. The lower part 
of the glenoid cavity is covered with a horse-shoe shaped cartilage, the secondary 
centre for which appears during puberty. All the secondary centres fuse with the 
body by the twenty-fifth year. 

THE CLAVICLE 

The clavicle is one of the long bones but it differs from other long bones in 
that it has no medullary cavity and it develops from membrane. It is situated in front of 
the root of the neck and somewhat resembles the letter J' being convex anteriorly 
in its medial two-thirds and concave anteriorly in its lateral one-third. Its lateral 
onc-third is flat while its medial two-thirds arc cylindrical in shape. The inferior 
surface of the middle-third of the bone is grooved and opposite to the junction of 
the medial three-fourths with the lateral onc-fourth on the postero-inferior part of the 
bone there lies the conoid tubercle. 

Side determination. . Hold the bone in such a way that its convex anterior 
surface of the medial two-thirds and the concave anterior margin of the lateral one- 
third look forwards, the grooved inferior surface looks downwards, the conoid tubercle 
lies on the postero-inferior part of the bone and the flattened acromial end will 
determine the side to which the bone belongs. 

General features. Lateral one-third or the clavicle. The lateral one- 
third pf the clavicle is flat and its surfaces are superior and inferior and its borders are 
anterior and posterior. The anterior border is ronvave and rough and may present a 
small tubercle known as the deltoid tubercle. The posterior border is thick and convex. 
The superior surface is rough both anteriorly and posteriorly but it is smooth m the 
intervening area which is. subcutaneous. The inferior surface is rough and presents 
the conoid tubercle close to its posterior border opposite to the junction of the medial 
three-fourths with the lateral one-fourth of the bone. From the conoid tubercle an 
oblique, rough ridge extends forwards and laterally to the acromial end and is 
Ww® as. the ixapizud ridge- 

Medial Two-thirds ok the clavicle. The medial two-thirds of the clavicle 
present Tour surfaces, namely anterior, posterior, superior and inferior. The anterior 
' surface is convex in its general outline and is rough for muscular attachment. The 
posterior surface is concave and is smooth and featureless. The superior surface^ is rough 
in its medial part but is smooth in its lateral part. The inferior surface presents a 
rough impression, the ’costal impression, dose to its sternal end' and in the rest of its 
extent it is grooved and is known as the subclavian groove. 

The acromial or the lateral end of the davidc presents a small oval facet 
for articulation with a similar facet on the medial border of the acromial process of 
the scapula. 

The sternal end of the clavicle is thickened and presents a large articular sur- 
face which is convex in all directions and is rough for the attadiracnt of the articular 
disc. It articulates with the davicular notch of the sternum by the intervention of 
an articular disc. The lower part of the articular surface- is prolonged on to the 
inferior aspect of the bone for a small extent where it articulates with the upper surface 
of the first costal cartilage. 
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capitate bone. The proximal surface of the base articulates with the hamate bone. 
The strip-like facet on the medial aspect of the base articulates with the fifth metacar- 

E al bone. The lateral surface of the shaft is divided into a volar and a dorsal area 
y a rilige. The voldr area gives origin to the third palmar interosseous muscle , while 
the doi^al area gives origin to the medial head of the third dorsal interosseous. The medial 
surfacqof the shah gives origin to the radial head of the fourth dorsal interosseous muscle . 

Side determination.. Hold the bone in such a way that the head looks down- 
wards and the convex dorsal surface of the body backwards and the discrete circular 
facets on the lateral aspect of the base will determine the side to which the bone 
belongs. s 

Fifth metacarpal bone. The most distinguishing feature of the fifth meta- 
carpal bone is the presence of a nan-articular tubercle on Ike medial aspect of its base which 
gives insertion to the extensor carpi itlnaris muscle. The facet on the proximal surface 
articulates with the hamate bone. The strip-like facet on the lateral aspect of the 
base articulates with the fourth metacarpal bone. The medial surface of the shaft 
gives insertion to the opponens digiti minimi. The volar aspect of the lateral surface 
of the shaft gives origin to fourth palmar interosseous while its dorsal aspect gives origin 
to medial or ulnar head of th a fourth dortal interosseous muscle. 

Side determination. Hold the bone in such a way that its head looks down- 
wards, the convex dorsal surface backwards and the tubercle on the medial aspect 
of the base will determine the side opposite to the bone or the articular facet an the 
lateral aspect of the base will determine the side to which the bone belongs. 

THE PHALANGES OF THE HAND 

General features. The phalanges are fourteen in number, two for the thumb 
finger and three for each of the other fingers. Each phalanx consists of a base or 
proximal end , a distal end , and an intervening portion, the shaft, which tapers from base 
to the distal end. The dorsal surface of the shaft is smooth and convex, the volar 
surface is flattened from side to side and is gently concave from above downwards. 

The base or proximal end of the proximal phalanx presents an oval articular facet 
which articulates with the head of the metacarpal bone. Its distal end presents a pulley- 
shaped articular surface which articulates with the base of the middle phalanx. 

The base of the middle phalanx presents two small concave facets separated by a smooth 
ridge. Its distal end presents a pulley-shaped articular surface which articulates with the 
base of the distal phalanx. 

The base of the distal phalanx has two small concave articular facets separated from each 
other by a smooth ridge , Its distal end forms a non-articular tapering end . On the palmar 
surface of its distal end, there b a horse-shoe-shaped tubercle for the attachment of 
the pulp of the finger. 

Pa rticular features. The proximal phalanx of the index finger receives insertion 
of the first dorsal interosseous on the radial side of its base while the second palmar 
interosseous is inserted on the medial aspect of its base. The proximal phalanx of the 
middle finger receives insertion of the second and third dorsal intcrossei on the 
- radial and ulnar side of its base respectively. No palmar interosseous is attached to 
tills bone. The proximal phalanx of the ring finger receives insertion of the third 
palmar interosseous on the radial side of its base while the fourth dorsal interosseous 
is inserted on its ulnar side. The dorsal aspect of the proximal phalanx of the index, 
middle and ring fingers receives insertion of the extensor digitomm. The radial 
aspect of the proximal phalanx of the medial four fingers receives insertion of the 
corresponding lumbrical muscle. 

The middle phalanx receives insertion of the Jlexor digitomm super pcialis ( subltmis ) on 
. either side of the volar aspect of its base. The dorsal aspect of the base receives insertion 
of the lumbricals and the intcrossei muscles through the extensor expansion. 

The volar aspect of the base of the distal phalanx gives insertion to Jlexor dig i- 
iontm profundus. Its dorsal aspect receives insertion of the lumbricals and intcrossei 
muscles through the extensor expansion. 
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compact twnc surrounding the meduallary cavity is definitely thicker particularly 
over the dorsal regions of the phalanges. The nutrient canals from second to the 



fifth metacarpals are directed towards their bases and in the first metacarpal it is 
directed towards its head. There arc usually two nutrient arteries in each phalanx 
which pass through the nutrient canals which are directed towards the head. The 
nutrient foramina of the metacarpal bones and the plialanges are situated on their 
ventral aspects. 

Ossification. Carpal Boxes. Each _ of the carpal bones ossifies from one 
centre of ossification which appears after birth. At birth they are cartilaginous 
and after the onset of ossification the process is usually completed between twentieth 
and twenty-fifth years. 

In the male the ossification starts in the capitate and hamate at first year, in 
the triquetral at third year, in the lunate at fourth year, in the scaphoid at fifth 
year, in the trapezium and trapezoid between fifth and sixth yean and in the pisiform 
between tenth and twelfth years. 

In the females the ossification usually starts about one year earlier than the 
males. 

Metacarpal Boxes. Each metacarpal bone ossifies from' two centers, one 
primary centre for the body and one secondary centre for its epiphysial end. 
The medial four metacarpal bones have their epiphyses at their distal ends or in 
othervvords the head forms the epiphysis in the medial four metacarpal bones 
whereas in the first metacarpal the base forms its epiphysis. 
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The primary centre for the body appears at 9th week of foetal life and the 
secondary centre for the epiphyses of the metacarpal bones appears at 3rd year. 
Each epiphysis unites with the diaphysis between 17 th and 10th years. 



Pha lances. Each phalanx ossifies from one primary centre for the body 
which appears between eighth and twelfth weeks of foetal life, and one secondary 
centre for the base which appears at 3rd year. The epiphysis unites with the 
diaphysis between 17th and 19th years. 

THE HIP BONE 

The hip bones or the os coxae are two in number and together form the greater 
part of the pelvic girdle. Each is a large irregular bone, constricted in the middle 
but expanded both above and below. On its lateral aspect it presents a large socket, 
the acetabulum for the receptions of the head of the femur. The acetabular wall is 
deficient below to form a notch known as the acetabular notch; below this there is 
a large aperture, the obturator foramen which in the recent state is covered by the 
obturator membrane and obturator muscle. 

Each hip bOne consists of three parts — ilium, ischium and os pubis and during 
early life they all remain distinct from each othtr by an intervening y-shaped cartilage 
at the bottom of the acetabulum but later on, in adult life, this cartilage undergoes 
ossification and the three segments of the hip bone become osseously continuous 
"\with one another. The ilium is the upper expanded portion which projects upwards 
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from the acetabulum; the pubis projects downwards, forwards and medially above 
the obturator foramen while the ischium projects downwards and backwards from 
the acetabulum. 

v^Side determination. Hold the bone in such a way that the ilium projects 
upwards, the pubis is directed forwards and medially above the obturator foramen, 
the acetabular notch looks vertically downwards or the anterior superior iliac spine 
and the pubic crest lie in the same vertical plane and the acetabulum of the hip 
bone will determine the side to which the bone belongs. - — ~ 

ILIUM - 

General features. The upper flat and expanded portion of the hip bone 
constitutes the ilium which projects upwards from the acetabulum. It consists of 
upper and lower ends, anterior, posterior and medial borders and external or gluteal and 

oimnuro? 



Fig. 311. The right hip bone. External aspect. 

internal surfaces. The interna! surface is further subdivided into an anterior hollowed 
portion known as the iliac fossa and a posterior portion known as the sacro-pehic 
surface. 



264 


HUMAN ANATOMY 


The ripper end of the ilium is of considerable length and thickness and is known 
as the iliac crest. Anteriorly it forms a bony projection known as the anterior superior 
iliac spine while the posterior superior iliac spine forms a similar projection, but less 
prominent, from its posterior end. The iliac crest is divided into ventral 2 /„ and dorsal 
'/s (ventral and dorsal segments). The ventral segment of the iliac crest is divisible 
into an outer lip, an inner lip and an intermediate area. An outward bony projection 
. from the outer lip about 2 inches behind the anterior superior iliac spine is known as 
the tubercle of the crest of the ilium which corresponds to the level of the Jjjjh-himhar. 
vertebra. The dorsal segment consists of an outer and an inner sloping area. The 
| general outline of the iliac crest forms an arch and the summit of the convex arch or 



JfJS. The operation of lumbar puncture it performed through the intervertebral space lie tween 
the third and the fourth lumbar vertebrae or between the fourth and die fifth lumbar vertebrae and 
to ascertain this space the highest point of the iliac crest is Ultra as a guide. If the highest points of 
the two iliac crests are joined posteriorly by a transverse line this will cross die upper border of the 
fourth lumbar vertebra opposite to the median plane. 

’ The lower end of the ilium corresponds with the line of fusion with the rest of the 
v^bonc at the bottom of the acetabulum. 
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The anterior border of the ilium begins in the anterior superior iliac spine and then 
forming a notch the concavity of which is directed forwards and laterally it passes in 
a bony projection below known as the anterior inferior iliac spine and finally it termi- 
nates into the acetabular margin. 

tThc posterior border begins from the posterior superior iliac spine and forming a 
short notch merges below in the posterior inferior iliac spine from where it runs forwards 
and then turns backwards and downwards forming a deep notch known as the greater 
sciatic notch. Finally it becomes continuous with the posterior border of the ischium. 

The gluteal surface is divided into four areas by the posterior , middle and inferior 
gluteal lines. The posterior gtufeat line is the shortest of the three and begins from the 
iliac crest about 2 inches in front of the posterior superior iliac spine and curving 
backwards and downwards ends in front of the posterior inferior iliac spine. The 
middle gluteal line is the largest of the three and begins from the middle of the greater 
sciatic notch and ascending upwards and forwards it ends in the outer lip of the iliac 
crest just in front of the tubercle of the crest of the ilium. The inferior gluteal tine 
begins from the upper part of the anterior inferior iliac spine and curving backwards it 
ends opposite to the lower part of the greater sciatic notch. Between the acetabular 
margin and the inferior gluteal line there is a rough grooved area for muscular attach- 
ment. 

The internal surface is divided into iliac fossa and sacro-pelvic surface . The iliac 
fossa is a hollowed out smooth area situated on the anterior part of the internal or 
medial surface and is bounded above by the iliac crest, infront by the anterior border 
and behind by the medial /border. The iliad fossa converges forwards and down- 
wards into a shalloto groove \vhich is bounded laterally by the anterior inferior iliac 
spine and medially by a bony prominence known as the ilio-pubic- eminence which 
marks the line of fusion between the ilium' and the pubis. The sacro-pelvic surface, is 
divided into upper rough, sacral, and lower, smooth, pelvic Ureas. The sacral area consists 
of an upper non-articular tuberosity known as the iliac tuberosity and a lower articular 
area known as the auricular surface because it resembles the pinna of the ear. The 
pelvic area is further subdivided^into upper and lower pelvic areas. The upper pelvi c 
are a lies immediately below the auricular surf ace and is.rnar kcd by a rou gh gro ove 
Icnojgj a Tthe pre-auricular sulcus which is more well marked inTcase of female/Th e 
lower pelvic area" is smoolFi and is" continuous with the - peFnc surface of the Body of 
the ischium. 

Particular features 

Iliac crest. The outer lip of the ventral segment gives attachment to the 
fascia lata including the ilio-tibial tract throughout its whole length. The outer 
lip in front of the tuberosity gives origin to tensor fasciae latae. Above the tensor 
fasciae latae the anterior half of the outer lip gives insertion to obliquus externus 
abdominis while the posterior one-third gives origin to latissimus dorsi . A small interval 
between the origin of the latter and the insertion of the former forms the base of the 
lumbar triangle. The inner lip of the ventral segment gives origin to transversus 
abdominis in its anterior two-thirds and to quadratus lumborvm in its posterior one-third. 
The anterior and middle layers of the lumbar fascia are attached medial and lateral to the 
quadratus lumborum respectively. Below the transversus abdominis and quadratus 
lumborum the inner lip gives attachment to the fascia iliaca and the iliacus muscle. 
The intermediate area of the ventral segment gives origin to obliquus internus abdo- 
minis. 

The outer sloping area of the dorsal segment gives origin to gluteus maximus and 
attachment to fascia lata; the inner sloping area gives origin to sacrospinalis muscle. 

The anterior superior iliac spine gives attachment to the lateral end of the 
inguinal lig amerti, and origin to sartorius which extends to the notch below it. Its 
lateral margin gives attachment (origin) to tensor fasciae latae and fascia lata while its 
medial margin gives attachment to transversus abdominis (origin) and fascia iliaca. 
Tlie notch below the anterior superior iliac spine gives exit (o the lateral cutaneous nerve 
ofthe thigh. The anterior inferior iliac spine is divided into upper and lower areas; 
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The left iliac fossa is in relation to all the above structureaexccpt those under 
item 6 and instead it contains the terminal portion of the descending colon. 

The sacro-pclvic surface is separated from the iliac Fossa by the sharp medial , 
margin which is continuous below with a rounded line known as the arcuate line; 
the middle of the arcuate line gives insertio n to psoas minor muscle; the media! margin 
gives attachment to anterior sacro-ilm " ITgament. The iliac tuberosity gives attach- 
ment to ilio-lumbar , posterior sacro-iliac and interosseous sacro-iliac ligaments from before 
backwards. Tire auricular surface articulates with the similar surface on the lateral 
mass of the sacrum. Its anterior and inferior margins together with the prc-auricular 
sulcus gives attachment to anterior sacro-iliac ligament. The lower pelvic surface gives 
origin to some fibres of the obturator intemus muscle. 

The .area behind the posterior gluteal line gives origin to gluteus maxitmu above 
and attachment to sacrotuberous ligament below. The area between the posterior and 
middle gluteal lines gives origin to gluteus medius; the area between the middle and 
inferior gluteal lines gives origin to gluteus minimus. The groove in between the infer- 
ior gluteal line and the acetabular margin gives origin to the refected head of the rectus . 
fern oris muscle. 


ISCHIUM 

General features. . The ischium forms the postero-inferior part of the hip bone 
and consists of a body and a ramus. 

The body of the ischium consists of femoral, dorsal and pelvic surfaces, upper and lower 
ends and anterior, posterior and lateral borders. 

The upper end of the body of the ischium is fused with the ilium and pubis at the 
acetabulum. The lower end farms the most dependent part of the htp bone* and 
corresponds with the lower part of the ischial tuberosity. The antetior border forms 
the posterior margin of the obturator foramen. The posterior border is continuous 
above with the posterior border of the ilium where it forms the anterior boundary 
of the greater sciatic notch. Below the greater sciatic notch it forms a bony projec- 
tion known as the ischial spine and below that it is curved to form the lesser sciatic 
notch. The lateral border is indistinct above and well marked below where it 
separates the femoral surface from the ischial tuberosity. 

The femoral surface is directed downwards, forwards and laterally and lies in 
between the lateral and the anterior borders of the body. The dorsal surface is divisi- 
ble into upper, smooth, convex area and lower, rough area known as the ischial tuberosity. 
The ischial tuberosity is separated from the upper area by a groove. The ischial 
tuberosity is divided into an upper quadrilateral area and a lower triangular area by a 
transverse ridge. The upper quadrilateral area is further subdivided into an upper 
lateral area and a Imcrmedial crea by an oblique ridge; the lower triangular area is 
divided into lateral and. medial areas, hy a tidigu The pelvic studace is smmtb. and 
is separated from the ischial tuberosity by a prominent margin. 

The ramus of the ischium begins as a continuation of the body and passes up- i 
wards, forwards and medially to join the inferior ramus of the pubis. It consists of 
anterior or external and posterior or pelvic surfaces and upper and lower borders. The anter- 
ior surface is directed towards the thigh and is continuous with the anterior surface 
of the inferior ramus of the pubis. The posterior surface is divided into pelvic and 
perineal areas by an indistinct ridge. Its upper margin forms the margin of the 
obturator foramen while its lower margin forms the lateral boundary' of the urogeni- 
tal triangle. * 

Particular features. The lower part of the femoral surface adjoining the 
obturator foramen gives origin to some fibres of the obturator ertermis. Just in front of 
s the lateral margin a short strip of the femora! surface gives origin to quadratus femoris. 
The notch between the upper end of the ischial tuberosity and the acetabular margin * 
lodges the tendon of the obturator externus as it passes backwards to be inserted into 
the femur. The upper part of the lateral margin and the adjoining portion of the 
' acetabular margin gives attachment to ischiofemoral ligament. 
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The pelvic surface of the body close to the obturator foramen gives origin to 
obturator tnleruus and the rest of this surface is covered by the same muscle together 
with its covering fascia and forms in this situation the lateral wall of Ike isc)no-rectal 
fossa. The internal pudendal vessels, and the pudendal nerve, which divides into 
dorsal nerve of the penis or clitoris and perineal nerve, lie in a fascial canal known as 
the pudendal canal in this situation. The pudendal canal is an inter-fascial canal 
formed by the obturator fascia laterally and the deep fascia of the ischio-rectal 
fossa or the fascia lunata medially. 
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ischial bursa of the gluteus maxvmus and its medial margin gives attachment to 
sacro tuberous ligament with its falciform process. 

The ischial spine gives attachment to sacrospinous ligament by its tip.' Its pelvic 
surface gives origin to levator ani in front and coccygeus behind. The lower border of 
the ischial spine gives origin to gemellus superior. The dorsal or external surface of 
the ischial spine is crossed by the internal pudendal vessels, and the nerve to the obturator 
intemus which lie on its lateral side. The pudendal nerve lies medial to the internal 
pudendal vessels over the sacrospinous ligament. 

The lesser sciatic notch lies below the ischial spine and is converted into lesser 
sciatic foramen by the sacrottibcrous and sacrospinous ligaments. It transmits 
the tendon of the obturator interims, internal pudendal vessels, pudendal nerve and the nerve 
to the obturator interims. Except the tendon of the obturator intemus, all the structures 
enter into the pelvis again. The lower part of the lesser sciatic notch immediately 
abovc^thc ischial tuberosity gives origin to gemellus inferior. The nerve to the quad- 
raUis femoris intervenes between the common tendon of obturator intemus and 
gemellus superior ct inferior, and the surface of the bone in this situation. 

The anterior surface of the ramus of the ischium gives origin to obturator exlernus 
laterally (adjoining the obturator foramen) and to adductor magma medially in most of 
its extent but close to the inferior ramus of the pubis the gracilis and adductor brevis 
extend to this surface from the inferior ramus of the pubis and from medial to the 
lateral side the order is gracilis, adductor brevis, adductor magnus and obturator 
extemus. The posterior surface of the ramus of the ischium is divided into pelvic 
and perineal areas. The pelvic area gives origin to obturator interims while the upper 
part of the perineal area gives origin to sphincter urethrae and the transversus perinei 
profundus laterally and to the crus penis or clitoris medially. The lower part of 
the perineal area gives origin to ischio-cavcmosus and transversus perinei superfcialis 
which are situated on a plane medial to sphincter urethrae and in line with crus penis 
or clitoris. The upper border of the ramus gives attachment to obturator membrane 
while its lower border gives attachment to fascia lata and fascia of Colles. The perineal 
membrane which extends from the inferior ramus of the pubis intervenes between the 
transversus perinei superfcialis el ischio-eavernosus and the sphincter urethrae 1 1 transversus 
perinei profundus and is attached to an indistinct ridge. The ridge separating the 
perineal fiom the pelvic area gives attachment to the superior layer of the urogenital 
diaphragm. 

THE PUBIS 

General features. The pubis occupies the anterior part of the hip bone and 
articulates with the fellow of its opposite side to form the symphysis pubis. It consists 
of a body, a superior ramus and an inferior ramus. 

The body is flattened from before backwards and connects the superior ramus 
with the inferior ramus. It lies medial to the obturator foramen and consists of 
anierivT, pastmar and nufflol or sympkysrnl jur/ncts. The onhrior nw/oce is rough above 
and smooth below and is directed downwards, forwards and laterally. The posterior 
surface is smooth and forms the anterior boundary of the true pelvis. The symphySeal 
or medial surface is rough and elongated and articulates noth the fellow of its opposite 
side to form the symphysis pubis. The upper border of the body is thick and strong 
and is known as the pubic crest. The pubic crest ends laterally into a tubercle known 
as the pub ic tubercle . 

The superior ramus of the body lies above the obturator foramen and passes up- 
wards and backwards and laterally to join in the acetabulum. It consists of an 
anltro-superior border or obturator crest , a postero-superior border or the pectineal line and an 
inferior border, and a pectineal, an obturator and ajulmc surface. The antero-supmor border 
or the obturator crest begins from the anterior part of the pubic tubercle and passes 
laterally to cud in the anterior part of the acetabulum. The pectineal line is sharp 
and prominent and begins from the posterior part of the pubic tubercle and passing 
laterally and backwards becomes continuous with the arcuate line. The inferior 
border forms the upper boundary of the obturator foramen and is rough and prominent 
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medially. The pectineal surface lies in between the obturator crest anteriorly and the 
pectineal line posteriorly and is bounded laterally by the ilio-pubic eminence and 
medially by the pubic tubercle. The obturator surface is grooved to form the obturator 
groove and lies in between the obturator crest and the inferior border. The pelvic 
surface is continuous with the pelvic surface of the body and lies in between the pecti- 
neal line and the inferior border. 

The inferior ramus lies medial to the obturator foramen apd begins from the lower 
part of the body, and descending downwards, backwards and laterally it becomes 
continuous with the ramus of the ischium. It consists of anterior and posterior surfaces 
and lateral and anterior borders. The anterior surface is directed downwards, forwards 
and laterally and is bounded laterally by the lateral margin which forms the medial 
boundary of the obturator foramen. Medially this surface is bounded by the anterior 
border which separates this surface from the posterior surface. The posterior or 
inner surface is continuous with the posterior surface of the ramus of the ischium below 
and with the posterior surface of the body of the pubis above. Two indistinct ridges 
subdivide this surface into three areas — medial, intermediate and lateral. 

Particular features. The pubic tubercle gives attachments to the medial 
cud of the inguinal ligament, the upper luvp oj (he cremaster muscle and the anterior layer 
of the rectus sheath. It lies in the floor of the subcutaneous inguinal ring and is crossed 
by the spermatic cord or the round ligament of the uterus. The l ateral part of the 
pubic crest gives origin to the lateral head of the rectus abdominis while*'its anterior part 
gives origin to the pyramidalis muscle and the conjoined tendon is attached to it antero- 
lateral to both these -muscles. The medial head of the rectus abdominis has no 
bony 'origin but it apsesTfronT the condensed mass of fibro-areolar tissue in front of 
the symphysis pubis and in its course upwards it crosses the medial part of the 
pubic crest. • 

The anterior surface of the body immediately below the angle formed by the*- 
junction of the pubic tubercle and the pubic crest gives origin to the rounded tendon 
of the adductor longus muscle. - Medial to this' the rough area on the anteribr surface 
gives attachment \o the anterior pubic ligament. Below the attachments of the anterior 
pubic ligament" and the adductor longus the rest of thd anterior surface gives origin 
to gracilis, adductor brevis and the obturator extends from medial to the lateral side. The 
posterior surface, of the ^ody in its lower half gives attachment to medxdl' puboprostatic 
ligament, levator ani muscle (origin), parietal layer of pelvic fascia arid obturator internus 
'(origin) from medial to' lateral side. The upper part of this surface is related to the 
urinary bladder and is separated from the same by the retropubic pad of fat. The 
symphyseal or medial surface is covered by a layer of hyaline cartilage'and articulates - 
with the fellow of its opposite side by the intervention of a fibro-cartilage arid 
forms the symphysis pubis which is a secondary cartilaginous joint. 

The medial part of the pectineal line, from before backwards, gives attachment 
to the pectineal fart of Hie juguinaT ligament. Conjoined tendon and the (ransversalis fascia Q 
* and fascia ijiaca.- Its lateral, part' gives "attachment to the pectinealjigament and the 
pectiniat fascia. The obturator crest together with the ilio-pubic eminence gives , 
attachment to the puba-capsular or pubofemoral ligament. The inferior border 
gives attachment to th c'obturator membrane. -The pectineal 'Surface in its medial part 
gives origin to the peefineus muscle. The obturator groove transmits the obturator 
vessels and nerves and from abo\fe downwards are the obturator nerve, obturator artery 
and the obturator vein. As the pelvic fascia bridges across the lower part 'of the obtura- 
tor groove, the above structures pass to the obturator groove without piercing the fascia. 

The pelvic surface of the superior ramus is crossed by the obliterated umbilical 
artery and the vas deferens in the male, and the round ligament of the uterus and the 
obliterated umbilical artery in the female and is covered by the parietal peritoneum. 

The anterior surface of the inferior ramus, gives origin to gracilis, adductor brevis , 
adductor magrtus (to the lower part of this surface only) and 'obturator extemus in order 
from medial to lateral side. The posterior surface of the inferior ramus is divided into 
lateral, intermediate and medial areas by two indistinct ridges. The ridge separating 
the medial from the intermediate area gives attachment to the perineal membrane 



272 


HUMAN ANATOMY 


{inferior layer of the urogenital diaphragm) while the ridge separating the later: 
from the intermediate area gives attachment to the superior layer of the uregeuik 
diaphragm . The medial area gives origin to the crus of the penis or clitoris , the into 
mediate area is in relation with the internal pudendal vessels and the dorsal nerve 
of the penis or clitoris and gives origin to sphincter urethrae and the lateral area gives 
origin to obturator internus. The lateral margin gives attachment to the obturator 
membrane while the anterior or medial margin gives attachment to fascia laia 
and to the membranous layer of the superficial fascia of the perineum (fascia of Colics). 
To summarise, from lateral to the medial margin, the structures attached are the 
obturator membrane, obturator interim muscle , superior layer of the urogenital diaphragm, 
sphincter urethrae, perineal membrane, crus of the penis or clitoris, fascia of Collet and the 
fascia lata. 

Acetabulum, The acetabulum forms a cup-shaped cavity into which the sphe- ■ 
roidal head of the femur articulates. It is covered everywhere by articular cartilage 
except at its bottom where it forms a rough depression known as the acetabular fossa 
which in die recent state is filled up by some pad of fat covered by synovial 
membrane. The acetabular margin is deficient infcriorly so as to leave a gap known 



as the acetabular notch. The two ends of the notch give attachment to the trans- 
verse acetabular ligament which bridges over this gap. The margins of the aceta- 
bular fossa close to the acetabular notch give attachment to the limbs of the ligament 
of the head of the femur (Ligamcntum teres femoris). The tunnel formed under the 
transverse acetabular ligament transmits the articular branches from the obturator 
vessels and nerves. The ischium, pubis and the ilium remain separated from one another 
riiinmr rmbryomc life and up to certain stage after birth by a Y-shapcd cartilage but 
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during adult life they all fuse together and become osseously continuous with one 
another. The pubis constitutes die upper and anterior fifth of the articular surface 
of die acetabulum, the ischium forms the posterior and lower two-fifths of the 
articular surface, and the acetabular fossa, and the remainder of the acetabulum is 
formed by the ilium. 

Ossification, Each hip bone ossifies from eight centres — ihree primary and five 
secondary and the centres of ossification appear as follows : 

(1) Primary centre for the ilium . . Eighth or ninth week pf foetal life. 

(2) Primary centre for the body of the Third month of foetal life, 
ischium. 

(3) Primary centre for the superior ramus Between fourth and fifth months 

of the body. of the foetal life. 

(H Secondary centre for the Iliac crest. At puberty. 

(2) Secondary centre for die anterior in- At puberty, 
ferior Iliac spine. 

f3) Secondary centres for the inferior ra- Ossification begins soon after birth 
mus of the pubis and the ramus of the -and they are united together by the 
ischium. eighth year. 

(4) Secondary centre for the ischial tu- At puberty, 
berbsity. 

(5) Secondary centre for the bottom of By the twelfth year; 
the acetabulum. 

All the secondary centres completely unite with one another by the twenty-fifth 
year. 


THE PELVIS 


The lower division of die abdominal cavity resembles a basin (pelvis— a basin) 
in it3 form and is called the pelvis and the bony framework that surrounds it is also 
called the pelvis but to be more precise it should better be called the bony pelvis. In 
an articulated skeleton the two hip bones together with the sacrum and coccyx 
form a girdle of bone, the bony pelvis, or the pelvic girde which provides a wide 
ba3e for the support of the trunk and transmits the weight of the body to the ground 
through the lower limbs on which it stands. 
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Anatomical position. In erect posture the bony pelvis maintains an inclined 
position in which the anterior superior iliac spines and the pubic tubercles are in the 
same vertical plane and the upper border of the symphisis pubis lies on a same 
level with the tip of the coccyx. Thus in anatomical position the dorsal wall of the 
bony pelvis loots mostly upwards while its ventral wall faces downwards. 



Sub-division of the pelvis. The pelvis is sub-divided into two parts, false or 
greater pelvis and true or lesser pelvis, by the brim of the pelvis. The brim of the pelvis 
is formed by a pair of arched lines, the ercuate lines which meet together both in 
front and behind opposite the median plane. The arcuate line of each side can 
be divisible into sacral, iliac and pubic parts. The sacral part is formed by the 
sacral promontory and the anterior ^border of the ala sacral is; the iliac part is 
formed by the lower half of the medial border of the ilium; the pubic part of the 
arcuate line is formed by the pectineal line, pubic crest and the upper border of the 
symphysis pubis. 

tELVts. The false pelvis lies above the pelvic brim and forms the lower 
part of the abdomen proper. __ It has no encircling bony wall and Is limited by the 
Uiac fossae only. Clinically it is of some value in indicating the size of the true 
pelvis. 

Tbuf. pelvis. It lies below the pdvie brim and is bounded by a ring of bony 
wall. Anteriorly it is bounded by the pelvic surface of the symphysis pubis and the 
body of the pubis, posteriorly it is bounded by the sacrum and coccyx; on either 
side it is bounded by the pelvic surface of the ischio-pubic rami, the body of the 
ischium and the lower part of the sacro-pelvic surface of the ilium. Its posterior 
wall is much longer (5 '-6*) and follows the sacro-eoccygeal curvature whereas its 
anterior wall is too short measurcing only about 1 to 2 inches. 

The true pelvis is continuous above with, the abdomen at the pelvic brim, and 
below, it is communicated to die exterior. Thus the true pelvis consists of an inlet, 
an outlet and a cavity. 

The ISLET of the true pelvis a formed by the pelvic brim which is either 
heart-shaped or round and is bounded by the arcuate lines which have alrea- 1 . 
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quadrate tubercle gives insertion to the quadratus femrois muscle which extends 
downwards on to the shaft for a short distance. 

The capsular ligament is attached anteriorly to the trochanteric line, pos- 
teriorly to the neck about J inch above the trochanteric crest, superiorly to the neck 
above the trochanteric fossa and the root of the greater trochanter and inferiorly it is 
attached to the neck immediately above the lesser trochanter. 

The line a aspera orthe posterior border of the shaft forms a conspicuous thick 
crest opposite to the middle-third of the shaftand is marked by density of the compact 
substances opposite this level and compensates for the weakness caused by the anterior 
convexity of the bone. The lateral lip of the linen aspera up to the upper half of the 
body and including the lateral margin of the gluteal tuberosity gives origin to the 
vastus lateralis. The medial lip of the linea aspera including the upper two-thirds 
of the medial supracondylar line gives origin to the vastus medialis and below this 
level the vastus medialis takes its origin from the tendon of adductor magnus (see 
the accompanying diagram). The adductor magnus is inserted into the whole length 
of the linea aspera and extends upwards along the medial margin of the gluteal 
tuberosity and downwards along the medial supracondylar line to the adductor 
tubercle. In between the vastus medialis and adductor magnus the medial inter- 
muscular septum is attached throughout the whole length and the adductor brevis 
is inserted above and the abductor longus is inserted below. In between the adductor 
magnus and the vastus lateralis the lateral intermuscular septum is attached through- 
out the whole length and the gluteus maximus is inserted above and the short head of 
the biceps femoris arises from below. The nutrient foramen in the lower part of the 
linea aspera transmits the nutrient artery which passes towards the upper end of 
the bone. 

The anterior and lateral surfaces in the upper three-fourths of the shaft give 
origin to the vastus inlermtdius. The lower one-fourth of the lateral surface is 
coveredbythe vastusintermedius muscle. From the upper part of the lower-fourth of 
the anterior surface the articularis genu muscle arises by a few slips and the rest is 
occupied by the suprapatellar bursa.' The medial surface does not give attachment to any 
muscle but is covered by the vastus medialis muscle. The upper posterior surface gives attach- 
ment of the following muscles in order from lateral to the medial side — gluteus maxi- 
mus, adductor magnus, adductor brevis, preclineus, iliacus and the vastus medialis. The 
Popliteal surface presents a low rounded tubercle in its lower part medially which gives 
origin to the medial head of the gastrocnemius. Another less prominent tubercle on the 
lower part laterally gives origin to plantaris muscle. The lateral supracondylar line 
m the upper two-thirds gives origin to the short head of the biceps femoris and in its 
lower-third gives origin to some fibres of the plantaris and the lateral head of the 
gastrocnemius, and to the lateral intermuscular septum throughout the whole length. 
The medial supracondylar line in its upper two-thirds gives origin to vastus medialis 
and throughout its whole length to the adductor magnus except where it is pierced by 
the femoral artery, and to the medial intermuscular septum. 

The condyles of the lower end of the lemur articulate inferiorly with the condyles 
of the tibia by the intervention of the semilunar cartilages, and with the patella 
anteriorly. The tibial articular surfaces of the two condyles are not similar. That 
oflateral condyle is wider passes straight backwards while that of the medial condyle 
is longer, narrower and extends more upwards posteriorly. Moreover the medial 
condyle is gently curved with the convexity medialwards and descends for 
0.5 cm. more than the lateral one. This accounts for more excursion and rotatory 
movement of the medial condyle than the lateral one during flexion and extension 
of the knee joint. The medial epicondyle gives attachment to the medial ligament 
of the knee joint. The adductor tubercle gives insertion to the tendon of the adductor 
magnus. The epiphysial cartilage of the lower end lies opposite to this level and so 
it forms an important landmark for the same. The lateral epicondyle gives attach- 
ment to the lateral ligament of the knee joint. The anterior part of the popliteal 
groove gives origin to the popliteus muscle while its posterior part lodges the tendon 
of the same muscle when the knee joint is fully flexed. The tendon of origin of the 
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f )opliteus is intracapsular but extrasynovial. The postero-superior part of the 
atcral epicondyle presents a groove or a muscular impression for the origin of the 
lateral head of the gastrocnemius. The intercondylar line gives attachment to the 



capsular ligament and its lateral part also gives attachment to the oblique popliteal^ 
ligament. The medial surface of the lateral condyle bears an impression which gives " 
attachement to the upper end 
of the anterior cruciate ligament. 

A similar impression on the 
lateral surface of the medial 
condyle gives attachment to the 
upper end of tire posterior cruciate 
ligament. Both the cruciate 
ligaments arc intracapsular 
but extrasynovial. 

The capsular ligament in the 
lower end. Anteriorly it is de- 
ficient and the synovial pro- 
trusion through this forms the 
suprapatellar bursa; posterior- 
ly it is attached to the inter- 
condylar line. Laterally it is 
attached to the lateral surface 
of the lateral condyle above 
the groove for the popliteus 
muscle. Medially it is attached 
to the medial surface of the 
medial condyle just above the 
articular surface. 

Ossification. It ossifies 
from five centres — one primary 
centre for the body and four 
secondary centres, i.e., one for the, 

greater trochanter, one for the 1 femur, 

lesser trochanter, one for the head and one for the lower end. 

The primary centre for the body appears during the seventh week of intra* 
uterine life and extends towards its end. The secondary centre for die head appears 
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during the first year, for the greater trochanter during the fourth year and for the 
lesser trochanter between 12 and 14 years. The secondary centre for the lower end 
appears during the ninth month of intrauterine life and this is a deviation from the laws 
of ossification. All the secondary centres unite with the shaft independently after 
puberty. The lower end unites with the diaphysis between eighteenth and twentieth 
years. 


AT FOURTEENTH TEAR 



Structure of the Femur. In a vertical section through the femur it is found 
that it consists of a medullary cavity within and a compact layer outside. The 
compact substance is thickest opposite to the middle-third of the bone but away from 
ikh « graduatiy becomes tbirmer and thinner and ultimately opposite to the ends it 
forms a thin compact outline within which there lies a bulk of spongy substance. 
In the upper end opposite to the head, neck and the trochanters, running within the 
spongy substance there are series of thin compact lamellae of bones which converge to 
the centre of the bone to a central wedge which links up the head and the body. A 
thin vertical compact bone extends upwards into the neck from the region of the 
linea aspera and is known as the calcar fmorale. The medullary cavity is only well 
marked opposite to the middle-third of the shaft and towards the ends its place 
is taken up by spongy substance. 

N.B. The secondary centre of ossification for the lower end of the femur begins 
to appear just before birth. When the viability of an infant comes into question, 
in case of infanticide, and if under X*ray the lower end of the femur show's signs 
of ossification, it is certain that the infant was viable and this forms the medico-legal 
importance of the lower end of the femur . 

. Alteration in the anatomical_angles of the femur leads to certain deformity 
which affects greatly 'the function of the limb. The normal neck-shaft vertical 
angle is 127 a and the forward neck-shaft angle is 14 - 01°. When both these angles 
are reduced a condition known as Coxa i \ 'ara occurs in which the movement of 
abduction is very much restricted. *TKe greater trochanter is raised up and there 
19 
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surface gives attachment to the ligamentum patellae. The upper half to upper 
two-thirds of the medial margin receives insertion of the vastus medialis including the 
distal-most horizontal fleshy fibres of the vastus medialis and the rest give attachment 
to the medial patellar retinacula. Its lateral margin gives insertion to the tendinous 
fibres of vastus lateralis in its upper part only adjoining the base where it presents 
an impression and most df the fibres of vastus lateralis are inserted to this impression 
(Grant), The rest of the lateral border gives attachment to the lateral patellar 
retinacula. The anterior surface is rough and presents innumerable vascular fora- 
mina and a series of vertical ridges. In die recent state it is covered by an expansion 
from .the common tendon of quadriceps femoris which is prolonged downwards to 
blend with the ligamentum patellae distally. The lower part of this surface is 
separated from the skin by the subcutaneous prepatellar bursa. 

The posterior surface is mostly articular and partly non-articular. The non- 
articular area, which lies on its lower part, can be divisible into upper and lower 
part3. The upper part gives attachment to the infrapatellar pad of fat while its lower 
part together with the apex gives attachment to the ligamentum patellae. 

The lateral facet on the posterior surface articulates with the lateral condyle of 
the femur while the medial facet articulates with the medial condyle of the 
femur. T2ie vertical articular ridge fits into the groove on the patellar surface 
of the femur. 

Ossification. The patella ossifies from a single secondary centre which appears 
during the’ third 'year of life. The ossification is completed at puberty. 

jV.fi. According to recent views the quadriceps femoris muscle u not 
inserted into the patella but it is inserted into the tibia through a tendon which 
passes over and round the patella. 

Formerly It was believed that the patella was an essential element of the knee 
joint and that by pulley mechanism it augments the muscle force of the quadriceps 
femoris muscle. But recent works done by Brooke have shown that it is not an 
essential element of the knee joint and its removal by excision does not reduce 
the power of the knee joint but it actually increases it. 

Fracture of the patella may take place either by direct violence or by indirect 
violence in which powerful contraction of the quadriceps femoris against resistance, 
as in sudden contraction of the quadriceps in semi-flexed or flexed knee, comes into 
the mechanism of fracture. 

Stability of patella. During contraction of the quadriceps femoris , which tends to 
displace the patella laterally, its stability is maintained by the tension of the medial 
patellar retinaculum , con*raction of muscular, fibres of vastus medialis attached to the 
medial margin of patella and by the presence of the forward bulging of Ike lateral condyle 
of the femur. 

Dislocation of patella is very rare, but when it occurs, it is usually displaced laterally 
because the femur is set obliquely on the tibia which is vertical making an angle 
which is open towards the lateral side. Due to this, the oblique pull of the quadriceps 
femoris (oblique from above downwards and medially) to the vertical attach- 
ment of the ligamentum patellae to the tibial tuberosity straighten out the angulation 
formed between the attachment of the quadriceps femoris to the patella and the 
ligamentum patellae to the tibia and as a result, the patella tends to be displaced 
over the front of the lateral condyle of the femur. _ Normally this defect in the muscular ■_ 
mechanism is aptly compensated for by the forward projeclumof tke_lateral_condyle of the femur 
and by the lower attachment Of the vastus medialis to the patella and By the tension' oft he 
medial patellar retinaculum. Due to forward projection of the lateral condyle the 
lateral bank of the trochlear articular surface of the lower end of the femur becomes 
more raised and as a result the patella finds it a disadvantage to ride over it. More- 
over the vastus medialis being attached to the upper */ a ofthe medial margin of the 
patella, during contraction of the quadriceps femoris the former (vastus me dialis ) 
tends to drag it medially and thus preventing lateral displacement. Therefore it 
, appears that dislocation of patella can occur in those cases where the vastus medialis 
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is weak either congenitally or by trauma or by paralysis anti where due to congeni- 
tal defect the lateral femoral cortdyle is poorly developed. 

THE TIBIA 

The tibia is the medial bone of the leg and excepting the femur it is the longest 
bone in the body. It consists of two ends and an intervening portion known as the 
body or shaft. Its upper end is broad and expanded while its lower end is small and 
less substantial. From the medial aspect of the lower end a bony process descends 
downwards below the rest of the bone and is known as the medial malleolus. The 
body is prismoid in shape and gradually tapers from above downwards. Its anterior 
border is sharp and prominent and below it inclines medially to end above the medial 
malleolus. 

Side determination. Hold the bone in such a way that its broad upper end 
looks upwards, the sharp anterior border of the shaft looks forwards and the medial 
malleolus will determine the side opposite to the bone. 

General features. The upper end of the tibia is broader transversely than 
antero-posteriorly and consists of lateral and medial condyles , a tubercle and a rough 
uneven area in between the two condyles superiorly known as the intercondylar area. 
Anteriorly the two condyles are continuous with each other by a convex triangular 
area, the apex of which is directed downwards and corresponds to the tubercle of the 
tibia. The lateral margin of the traingular area forms a prominent oblique ridge 
which separates this area from the lateral surface of the body. Its medial margin 
is less prominent and separates this area from the medial surface of the body. Pos- 
teriorly both the condyles overhang the upper part of the posterior surface of the shaA 
and the two condyles are separated from each other by a short, thick concave border. 

The lateral condyle is smaller than the medial condyle and projects back- 
wards so as to overhang the posterior surface of the shaft especially at its postero- 
lateral part. A circular facet, known as the fibular facets is present on the injfcrior 
aspect of its overhanging posterolateral part and articulates with the head of the 
fibula. Superiorly the lateral condyle presents a smooth articular surface which 
is circular in general outline and is gently hollowed out in its centre. Its medial part 
is prolonged on to the lateral aspect of the lateral intercondylar tubercle. The lateral 
condyle articulates with the lateral condyle of the femur. 

The medial condyle is larger than the lateral condyle but docs not project 
so much backwards as the lateral condyle. Superiorly its articular surface is oval 
in outline and extends over the medial aspect of the medial intercondylar tubercle. 
On the posterior aspect of the medial condyle immediately below Its articular surface 
there is a rough horizontal groove for muscular attachments. 

The tubercle of the tibia is a prominent bony eminence situated at the upper 
end of the anterior border and corresponds to the apex of the triangular area in front 
of the two condyles. It consists of an upper smooth portion and a lower rough portion. 

The intercondylar area is the rough space between the superior articular 
surfaces of the two condyles. It gradually widens both in front and behind but is 
narrow at the centre where it forms an irregular eminence known as the intercondylar 
eminence. The intercondylar eminence is broken into two tubercles, the lateral and 
the medial intercondylar tubercles which are separated from each other by a narrow 
groove. 

The shaft or body of the tibia is prismoidal in shape and is triangular on 
transverse section. It gradually narrows from above downwards up to the junction 
of the middle with die lower-third of the bone and then gradually expands to end 
into the lower end. It consists of anlenor, lateral or interosseous and medial borders and 
lateral , medial and posterior surfaces. 
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The anterior border is popu- 
larly known as the *skin\ oL the 
tibia and is sharp and~promi- 
nent in its upper two-thirds 
but rounded and less distinct 
below. It begins from the 
lower part of the tubercle of the 
tibia and ends below at the 
anterior margin of the medial 
malleolus. At first it runs 
downwards and medially, then 
downwards and laterally and 
finally it turns medially to end 
in the medial malleolus; in 
other words it is sinuously 
curved. The interosseous or the 
lateral border begins from the 
antCTO-wfcrior part of the 
fibutar facet and descends 
vertically downwards up to 
the lower end where it divides 
into two limbs to enclose a 
triangular depressed area on 
the lateral aspect of its lower 
end and forms the ftbulor notch. 
The medial border begins from 
the anterior end of the groove 
on the back of the medial con- 
dyle of the tibia and running 
vertically downwards it ends in 
the posterior border of the 
medial malleolus. Its upper 
and lower parts are less distinct 
but its middle part is sharp and 
prominent. 

The medial surface lies in 
between the medial and the 
anterior borders and is sub- 
cutaneous throughout its extent. 
In front of the upper part of 
the medial border this surface 
presents a rough area which 
measures about 2 inches in 
length and 2/5 inch in breadth. 
The lateral surface lies in be- 
tween the anterior and inter- 
osseous borders and is gently 
hollowed out in its upper two- 
thtrds. Its lower one-third is 
slightly convex and expanded 
and encroaches to the anterior 
aspect because of the medial 
deviation of the anterior border 
in this situation. The posterior 
surface lies in between the 
interosseous and the medial 
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borders and is wider above and narrow below. An oblique ridge the soleal line^rum 
downwards and medially from in front of the fibular facet and ends Tff the medial 
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border opposite to the junction of the 
upper wttn the middle-thirdof the 
pone. The sol cal line subdivides the 
posterior surface into upper and 
lower areas. The lower area is far- 
ther subdivided into media! and 
lateral areas by a vertical ridge. 

The lower end of the tibia u 
broad and expanded and consists of 
paltrier, posterior, lateral, medial and 
inferior surfaces and the medial 
malleolus. 

The anterior surface of the lower 
end is gently convex and is separated 
from its inferior surface by a narrow 
transverse groove. The posterior 
feet is directed backwards and is 
separated from the inferior surface by 
a sharp margin At its medial part 
tills surface presents a vertical groove 
which is continued downwards on to 
the posterior aspect of the medial 
malleolus. The lateral surface of the 
lower end forms a wade notch, the 
flular note ft of the tibia which is 
ttr _ ' .a shape. Both anteriorly 
and posteriorly it is bounded by sharp 
margins which converge above in the 
interosseous border to form its apex. 
The medial surface is convex and sub- 
cutaneous and is prolonged down- 
wards into a process known as the 
medial malleolus. The inferior surface 
is smooth and articular and arti- 
culates with the superior surface of 
the body of the talus. Medially its 
articular surface is continuous with 
the articulat surface on the lateral 
aspect of the medial malleolus. 

The medial malleolus is a short, 
tliick bony projection from the medial 
aspect of the lower end and consists 
Ol medial, lateral, anterior and posterior 
surfeett and an inferior border . Its 
medial surface is convex and sub- 
cutaneous. Its lateral surface pre- 
sents a comma-shaped articular facet 
which articulates with the similar 
facet on the medial aspect of the 
body of the talus. Both the anterior 
and posterior surfaces arc marked 
by a shallow groove. Its inferior or 
lower margin is pointed both in front 
and behind but b marked by a 


d-rptrswd impression in the middle hr the attachment of the deep part of the 
deltoid ligament. 


Particular features. The articular r.irfscc of the medial condyle is hollowed 
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out centrally but is flattened at its periphery where it is in contact with the medial 
semilunar cartilage. It is oval in shape and is broader an tero- posteriorly. Its 
sharp peripheral margin gives attachment to the coronary ligament. The groove on 
the back 01 the medial condyle gives insertion to semimembranosus. The upper margin 
of the groove gives attachment to the capsular ligament of the knee joint while its lower 
margin gives attaclimcnt to the short posterior fibres of the medial ligament of the knee joint. 
The superior articular surface of the lateral condyle is circular in outline and its 
peripheral portion is in contact with the lateral semilunar cartilage. Anterolaterally this 


MEDIAL CONDT 



surface is separated from the rest of the bone by a sharp margin which gives attach- 
ment to the coronary ligament but posteriorly it is separated from the posterior aspect 
of the body by a rounded margin which comes into relation with the tendon of the 
popliteus. A bursa usually intervenes between this tendon and the bone. The fibular 
facet articulates with the head of the fibula and its circumferential margin gives 
attachment to the capsular ligament for the superior tibiofibular joint. The lateral surface 
of the lateral condyle just in front of the fibular facet occasionally gives origin to some 
fibres of the extensor digilorvm longus and peroneus longus, the former being anterior to the 
latter and insertion to 
some fibres of the biceps 
femoris. The triangular, 
convex anterior surface 
formed by both the 
condyles is in relation 
to the deep infrapatellar 
bursa. The sharp mar- 
gin separating it from 
the lateral surface of 
the body gives attach- 
ment to the iliotibial 
tract and the deep fascia 
of the leg. The inter- 
condylar area gives 
attachment to the 
following structures in 
order from before back- 
wards—. Anterior end of 
the medial semilunar 
cartilage, lower end of the anterior cruciate ligament, anterior end of the lateral semilunar 
cartilage (in front of the intercondylar eminence), posterior end of the lateral semilunar 
cartilage, posterior end of the medial semilunar cartilage and the lower end of the 


ANTIWOA CAUDATE LIGAMENT 



Fig. 336. Key to figure 335. 
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fiiteriv crvaale li’cr'.tnl (behind 
the intercondylar eminence). 
Th- ridge on the posterior aspect 
of the intercondylar area gives 
attachment to the tjfwilcr ligemenl 
of the knee joint. The upper 
smooth part of the tubercle cj the 
hits gives attacliment to the 
Itgtmntxn patellae while its lower 
part a m contact with the n/S- 
aitawjs trftcpaleU&r bursa. 

Tbr calmer border of the sliaft 
is subcutaneous and gives attach- 
ment to the deep fasr.a of the leg 
(fascia cniris) and immediately 
above the medial malleolus this 
border gives attachment to the 
iif+TUir txlenser reiirtvulua. Imme- 
diately nljove the medial malleolirs 
the anterior border it crossed by 
the tong saphenous vein and the 
saphenous nerve. The i ntrmieou: 
border gives attachment to the 
irJereiseo su membrane which begins 
from the antcro-mferior part of the 
fibular facet and cnd» below at 
the apex of the fibular notch 
where it is continuous with the 
inferior interosseous tibiofibular 
ligament. Superiorly, immediately 
below die fibular facet the intcr- 
cwtous mernlirane is deficient and 
through this gap in the upper end 
of the interosseous membrane the 
anterior tibial artery enters the 
anterior compartment of the leg. 
Hie medial harder gives attachment 
to the following structures in 
order From alxjse downwards — 

(a) Medial It game-. I of the lr.ee joint, 

(b) Fastra catering the pcfhlnx, 
/qi Sale rtf with its covrrin? fascia 
and (d) the deep fascia of the lee. 
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anterior border and is in relation 
to the tendon of the tibialis anterior, 
extensor kallucis longus, anterior tibial 
vessels, anterior tibial nerve, tendon of 
the extensor digitorum longus and 
the peroutas tafias. 

The posterior surface above the 
solcal line forms part of the popli- 
teal fossa and gives insertion to the 
pobtiteus muscle. The solcal line ends 
above in a tubercle which gives 
attachment to the medial end of the 
tendinous arch of the solcus and 
below this it gives origin to the 
solcus and attachment to the fascia 
covering Ike solcus and the pop! ileus and 
}ke deep fascia of the leg. The lateral 
area of the lower part of the poste- 
rior surface gives origin to the 
tibialis posterior in its upper three- 
fourths while the medial area gives 
origin to the flexor digitorum longus. 

The loner one fourth of the posterior 
surface does not give any attachments 
but is occupied by the tendons of 
the tibialis posterior and the flexor 
'digitorum longus. The tendon of 
the flexor digitorum longus lies at 
first on the medial side of the tibi- 
alis posterior and then crosses 
superficial to it to the lateral side. 

The anterior surface of the lower 
end is in relation to the same struc- 
tures that come in relation to the 
lower part of the lateral surface of 
the shaft. The groove separating 
the anterior from the inferior sur- 
face gives attachment to the cap- 
sular ligament of the ankle joint and 
the ridge above the groove gives 
attachment to the anterior ligament 
of the ankle joint. 

The sharp margin that sepa- 
rates the posterior from the infe- 
rior surface gives attachment to 
the capsular ligament and to the 
posterior ligament of the ankle joint. 

From medial to the lateral side the 
posterior surface of the lower end is 
in relation to the tendons of the 
tibialis posterior, Jlexor digitorum 
longus, posterior tibial vessels, posterior 
tibial nerve and the tendon of the 
jkxor hatluris longus. The tendon of ■ 
the tibialis posterior is contained in 
the groove behind medial malleolus and the medial part of the posterior surface. 
The sharp margin of the groove gives attachment to the Jlexor retinaculum of the teg. 
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The lateral surface is formed by the fibular notch and articulates with the Iowci 
end of the fibula. Its anterior ana posterior margins give attachment to^the anlem 
and posterior inferior tibiofibular ligaments respectively. The grooved area gives attach- 
ment to the interosseous tibio-fbular ligament and firmly connects the tibia and thi 
fibula together and this articulation is known as the inferior tibio-fibular syndesmosis 

The medial surface is subcutaneous and is continuous with the medial surface of th< 
medial malleolus. 

The inferior surface b articular and articulates with the superior surface of th< 
body of the talus. It is continuous with the comma-shaped facet on the latera 
aspect of the medial malleolus. 

The anterior, inferior and the posterior margins of the medial malleolus dose t( 
the articular surface give attachment to the capsular ligament of the ankle joint. The I 
depressed impression on its lower border gives attachment to the deep part of the deltoid j 
ligament while more superficially the medial malleolus gives attachment to the j 
superficial part of the deltoid ligament. The grooves on the anterior and posterior aspects 
of the medial malleolus transmit the tendons of the tibialis anterior and tibialis posterior 
respectively. The comma-shaped facet on the lateral aspect articulates with the 
similar facet on the medial surface of the body of the talus. 


AT NINETEENTH TEAR 



Ossification. The tibia ossifies from one primary centre and two secondary 
centres. The primary centre for the body appears during the seventh week of foetal 
life. The secondary centre for the upper end appears shortly after birth and extends 
forwards and downwards 33 a tongue-shaped process to form thetuberde. The 
secondary centre for the lower end appears during the second year of life. The lower 
epiphysis unites with the body during the'eighteenth year while the upper epiphysis 
unites with the body during the twentieth year. 
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summit Qf the arch and transmits the body weight along the limbs of the arches. 
Like the carpal bones the tarsal bones are also placed in two rows— proximal and 

distal but the arrangement is not 
regular as in case of the former. 
The calcaneum and the talus 
form the bones of the proximal 
row and the cuneiform bones 
form the bones of the distal row. 
The navicular is interposed be- 
tween the talus and the cunei- 
form bones and the cuboid is 
placed laterally in front of the 
calcaneum. 


THE TALUS 


The talus is the principal 
connecting bone between the foot 
and the bones of the leg and takes 
an important part in the forma- 
tion of the ankle joint. It con- 
sists of a head, a neck and a body. 
The head is more or less rounded and is covered by articular cartilage and is direc- 
ted forwards, medially and downwards. The constriction immediately behind the 
head is the neck and just 
succeeding the neck is the 
expanded body, the superior 
surface of which presents a convex 
articular surface. On the lateral 
side of the body is a large trian- 
gular facet and on the medial side 
is a comma-shaped facet. 

Identification of sides. 

Hold ’the bone in such a way that 
its rounded head looks forward, 
downward and slightly medially, 
the superior convex surface of 
the body looks upwards and the 
large triangular facet on the 
lateral surface of the body will 
determine the side to which the 
bone belongs. 

General features. The 
head of the talus is directed for- 
wards and slightly downwards and medially. Its anterior surface presents a 
convex articular surface which articulates with the posterior surface of the navicular 
bone. The inferior surface of the head is marked by three articular impressions 
separated from one another by indistinct ridges. The most posterior one, the 
middle calcaneal facet, articulates with the similar facet on the upper surface 
of the sustentaculum tali of the calcaneum. Situated in front and lateral to the 
middle calcaneal facet is the anterior calcaneal facet which articulates with the 
similar facet on the anterior part of the superior surface of the calcaneum. 
Situated medial to the calcaneal facets is a rounded impression which is in direct 
contact with the spring ligament or the plantar calcanco-navicular ligament. 

The neck. The neck is the constricted^ portion that connects the head and the 
body together. The long axis of the neck is directed downwards, forwards and media- 



Fig. 344. The right talus. Inferior or plantar 
aspect. 



Fig. 343. The right talus Seen from above. 
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lly and it joins the body at an angle which measures about 150°. This angle is much 
less (1 SOM 40°) in case of the infants and is responsible for the inverted foot in die 
growing infants. Its upper surface is rough for ligamentous attachments. Ip 
inferior surface presents a groove, the sulcus tali which with a similar groove on the 
upper surface of the calcaneum forms a tunnel, the sinus tarsi . , 



Tig. 345. The right talus Medial aspect 


Thebody. Thebodyof 
the talus is broad and expan* 
ded and is cuboidal in shape. 

It consists of superior, infe- 
rior, lateral, medial and 
posterior surfaces. Thcju/m* 
ot surface is the trochlear arti- 
cular surface which is con- 
vex from before backwards 
and slightly concave from 
side to side and articulates 
with the lower end of the 
tibia to form the ankle joint. 

It is broader in front than 
behind. Its medial margin 
is straight and salient and is 
continuous with the articular 
facet on the medial surface. Its lateral margin is less prominent and traced back- 
wards it gradually inclines to the medial side and at its posterior end there is h 
roughened triangular impression which comes in contact with the inferior trans- 
verse tibio-fibular ligament in extreme dorsiflexion of the ankle joint, thus this 
mechanism is a safeguard against 
dorsal displacement of the talus; 
and moreover during dorsiflexion, 
the broader anterior part of the 
trochlea is also engaged in the 
tibio-fibular mortise. 1 he broader 
anterior part of the trochlea has 
another advantage. During walk- 
ing, everytime the foot touches 
the ground, the tibio-fibular mor- 
tise tends to slip forts ard but the 
broader anterior part of the 
trochlea nicely engages the mor- 
*<«t -kicL *Aft& feirwuR* -nftj vtsaosi\ 
of the leg bones over the talus is 
prevented. Along the lateral 
border the superior articular surface is continuous with the articular area 
on the lateral surface of the bone. The lateral surface is almost fully occupi- 
ed by a triangular articular facet the apex of which is directed downwards. 

It articulates with the lateral malleolus. The pointed non-articular portion 
below the apex of the triangular articular facet constitutes the lateral tubercle 
of the bone. The medial surface presents at its upper part a comma- 
shaped articular surface for the medial malleolus and a rough depressed area 
below for ligamentous attachment. The posterior surface is rough, and is marked by 
a shallow groo\c for the passage of the flexor hallucis longus tendon. This groove 
divides the lower part of this surface into medial and posterior tubercles. The posterity 
tubercle lies on the lateral side wliile the medial tubercle lies on the medial side of the 
groove. _ The inferior surface presents a deep oval concave articular surface for 
articulation with the convex oval facet on the intermediate part of the superior » 
surface of the calcaneum. 



Fig. 316, The right talus. Lateral arpcct. 
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been described. Due to inclined position of the pelvis, the plane of the inlet is an 
oblique plane which meets the horizontal at an angle of about 60° (inclination of 
the inlet). 

The axis of the inlet. It corresponds to a line which cuts the centre of the 
plane of the inlet at right angles; the line, if continued both upwards and down- 
wards, would pass through the umbilicus and the tip of the coccyx respectively. 

Diameters of the inlet. Anteroposterior diameter — Three antero- 
posterior diameters are considered in respect of the inlet of the pelvis and all of them 
start posteriorly from the middle of the sacral promontory; anteriorly they are 
measured in relation to the symphysis pubis which forms the anterior wall of the 
bony pelvis. 

Anatomical conjugate^ True conjugate or conjugate ter a. This is an anterio-posterior 
diameter of the inlet of the pelvis which is measured from the middle of the sacral 
promontory to the upper border of the symphysis pubis. It measures about 4' in 
the males and 4J inches in the females, 



Fig. 319. A mid-sagittal section of pelvis showing the planes, axe* and inclination. 

•J Ossttlrical conjugate. This is also an antero-posterior diameter of the inlet which 
is a great concern to an obstetrician and is measured from the middle of the sacral 
promontory to the inner surface of the symphysis pubis a little below its upper margin 
(nearest point in the middle line). 
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Diagonal conjugate. This antero-postcrior diameter of the inlet is measured 
from the middle of the sacral promontory to the lower border of the symphysis pubis. 

Transverse diameter. The transverse diameter of the inllet is a side-to-sidc 
diameter which extends from the mid-point of the arcuate line of one side to the 
same point on the opposite side. It is about 5' in the males and 51' in the females. 
This line is nearer to the sacrum than the symphysis pubis and it does not pass 
through the centre; it is of less practical value clinically. 

Oblique diameter. This diameter extends from the ilio-pubic eminence ol 
one side to the middle of the sacro-iliac articulation of the opposite side. It measure! 
about 4J* in the males and 5' in the females. 

For obvious reasons true conjugate diameter in the females is a great concern 
to an obstetrician. Its measurement varies from race to race as well as in the living 
and the dried pelves of the same race. The following is a chart which shorn racial 
variations of the conjugate (true) diameter (measurements taken on dried pelves) 
published by various authors. 


Authors 

Races 1 

| 

Conjugate diameter 
in Cm. 

T. Das 

P. C. Mahalanobis 

N. K. Roy Choudhuri 

Bengali (Indian) 

9 68 

N. L. Pan 

Bengali (Indian) 

1010 

Koganei and Osawn 

Japanese 

10 7 

Martin 

Malays 

11-5 

Martin 

Negro 

101 

Emmons 

American Indian 

10 68 

G arson 

European 

Australian 

Andamanese 

10 6 

108 

99 

Martin 

American | 

11*7 

Martin 

Australian aborigines 

11*4 

Martin 

German 

107 

Shordnnia 

Russian 

10 8 (Mean) 


The OUTLET of the true pelvis ( Anatomical outlet ) corresponds to its lower aperture 
and is roughly diamond-shaped. It is bounded in front by the sub-pubic angle; 
behind by the tip or the coccyx; on either side by the isdiio-pubic rami, ischial 
tuberosities, ischial spines, sacrotuberous and sacrospinous ligaments and the sides 
of the sacrum and coccyx. Obstetrical outlet or the narrow pelvic plane is an imaginary 
plane bounded in front by the lower border of the symphysis pubis, laterally by the 
tips of the ischial spines, and posteriorly by the lower border of the last sacral verte- 
bra. This is of greater importance to an obstetrician than the anatomical outlet 
which is not fixed (due to moveable coccyx) and does not lie in a same plane. The 
plane of the outlet makes an angle varying between 10 and 16 degrees with the 
horizontal. The axis, of the outlet is represented by a line which cuts the cehtre of its 
plane at right angles; if the line is continued upwards it would strike the sacral pro- 
montory. Three diameters are taken into consideration, antero-posterior, transverse 
and oblique, in respect of the pelvic outlet but for all practical purposes only the , 
antero-posterior and transverse diameters are considered. The cnlcro-poslmor 
diameter is measured from the tip of the coccyx to the lower border of the symphysis'" 
pubis; this diameter is variable due to mobility of the coccyx, particularly" in the 
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females in living condition. It measures about 3' in males and 4' in females. 
The transverse diameter is measured from one ischial tuberosity to the other. It 
measures 3* in males and 4' inches in females. The oblique diameter which is ofless 
practical value is measured from the junction of sacrotuberous and sacrospinous 
ligaments of one side to the junction of the ischio-pubic rami of the opposite side. 



Fig. 320. A mate pelvis showing its outlet. 
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The cavity of the true pelvis is a short, curved tunnel which follows the sacro- 
coccygeal curvature. Its anterior wall is formed by the back of the symphysis pubis 
and the body of the pubis ; it measures about 1 to 2 inches. The posterior wall is 
formed by the sacrum and coccyx; tills wall is much longer than the anterior wall 
and measures about five or six inches. The side walls of the pelvic cavity are 
formed by the lower part of the sacro-pelvic surface of the ilium, ischium, obturator 
membrane and the ischio-pubic rami and by the sacrotuberous and sacrospinous 
ligaments. The axis of the pelvic cavity corresponds to a line which crosses the centres 
of the planes between the inlet and the outlet. Roughly it is represented by a 
curved line which follows the sacro-coccygeal curvature. 

Other pelvic measurements. The external antero-poslerior diameter or external 
conjugate is measured from the tip of the first sacral spine to the anterior margin oi 
the upper border of the symphysis pubis. The intercristal diameter is the distance 
between the outer lips of the two iliac crests where they are widest apart. The inter- 
spinous diameter is measured between die two anterior superior iliac spines. 

Normally these diameters are usually longer in the males than in die females 
and they also vary individually as well as in different races. The follwoing chart 
show’s the measurements of these diameters in the females in various races 
published by different authors. 


COMPARATIVE PELVIC MEASUREMENTS OF DRIED PELVES OF VARIOUS RACES 


Author 

Races 

Intcrypinous 

lntercntal 

Intctroehan- 
tcric cm. 

Ent. Conj 
cm. 

Shordania 

Russian 

24-4 

26 1 

• 

194 

Martin 

German 

1 248 

27 5 


18 1 

Rungc 

Russian 

23 

205 


18-2 

Koganei &. Oiawa 

Japanese 

| 21-5 

' 


178 

Do 

Aino 

22 I 

• 


17-8 

Carson 

European 

Australian 

Andamanese 

23 1 

19 8 

i 172 

27 1 

24 06 

20 7 



Ammons 

Am. Indian 

22-6 

25 7 



P. Das 

P. CL Mahalanobis 

N. K. Choudhuri 

Bengali 

1 

. 208 

i 

24-76 

2710 

J7-45 


DIFFERENCES BETWEEN MALE AND FEMALE PELVIS 



Male 

Female 

Bony features 

(o) The pejvic bones axe hea\ ier and 
stronger and the muscular im- 
pressions are more marked. 

(u) Bones are lighter and less strong 
and the muscular impressions 
are less marked. ' 

Sub-pubic angle 

The sub-pubic angle is smaller and 
varies from 58’ to 60®. 

j The rub-pubic angle is wider and 
| varies from 80° to 90*. 

The nature of the i 
pelvic cavity 

The pelvic cavity is funnel-shaped 
and looks like a larger section of a 
smaller cone (outlet is much 1 
smaller than the inlet). 

i 1 1 is more or less tubular in character 
| and looks like a smaller section 
of a larger corn; (inlet and outlet 
almost equal). 

Pelvic measurements 

All diameters are comparatively ^ 
smaller (inlet, outlet and pelvic 1 
cavity). 

All diameters are comparatively 
larger. 
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DIFFERENCES BETWEEN MALE AND FEMALE PELVIS — {Cmtd.) 



Male 

remaie 

Other measurements 

The acetabular diameter equals the 
distance between the acetabulum 
and symphysis pubis. 

1 The distance between the acetabu- 
j lum and the symphysis pubis is 
one inch more than the accta- 
1 bular diameter. 

Feature pertaining to 
the external genital 
organ 

The outer margin of the ischio-pubic The margin of the ischio-pubic 
rami is everted and the area for the I rami is Jess everted and the area 

crus penis is wider . 1 for the crus clitoris is narrower. 

Obturator foramen 

The obturator foramen is larger and 1 The obturator foramen is smaller 
oval. and triangular. 

The acetabulum 

TTie acetabulum is larger. j The acetabulum is smaller (usually 

| less than 5 cm. in diameter). 

The greater sciatic 
notch 

I It is narrower and “fish-hook” in 1 It is much wider, 
appearance. 

Pre-auricular sulcus J 

It is less marked. ] It is very prominent and well marked. 

The pubis 

The body and the crest of the pubic The body and the pubic crest are 
bone are less wide. ' wider in the female. 

Ischial tuberosity j 

| The ischial tuberosity is inverted. | 

The ischial tuberosity is everted. 

The sacrum 

j (a) Tbe articular part of the base is 
longer than its non-articular 
part. . 

, (4) The auricular articular surface 
! extends upto the third sacral 

vertebra. 

(e) Vertical diameter is greater than 
the maximum transverse dia- 
meter. 

(rf) The ventral curvature is 

gradual. 

(<) Sacral index is lower 

(a) The non-articular part of the 
base is longer than its articular 
part. 

(4) The auricular articular surface 
extends upto second sacral 
vertebra (or a little lower). 

(«) Vertical and transverse dia- 
meters arc almost equal. 

(d) It is abruptly curved in its lower 
part. 

(s) Sacral index is higher 

Ischium-pubis index* 

Below 90 j 

Above 90 





Types of the female pelvis. Every female pelvis does not bear the same 
characteristics but variations are found in many which mainly fall under four main 
types as ascertained by measurements of the inlet of the pelvis. 

(1) Long pelvis. In long pelvis the antero-posterior diameter is longer than 
the transverse diameter. 

(2) Round pelvis. Under this type the antero-posterior diameter equals the 
transverse diameter. 

(3) Oval pelvis. Here the transverse diameter exceeds the antero-posterior 
diameter by J to 1J inches. 


* The ischium-pubis index is ihe ratio between the length of the pubis and the length of theisehium 

W™ 90 md >» Ife fan. 1. 

it is above 90. 



HUMAN ANATOMY 


(4) Flat pelvis . Here the transverse diameter exceeds the antero-posterior 
diameter by more than I J inches. ' l 

Caldwcll and Moloy in describing the anatomical variations of the female 
pelvis on the basis of the shape of the pelvic inlet, sub-divided the female pelves Into 
four main groups as follows: 

(1) Gynaccoid pelvis — This is the typical female pelvis with owl 

pelvic inlet in which the antero-posterior diameter is smaller than the 
transverse diameter. , 

(2) Android pelvis — This is a male-type of female pelvis in which the pelvic 
brim is of triangular shape and the largest transverse diameter is nearer 
to the sacral promontory, so that, the posterior segment of the inlet a 
much smaller. The sub-pubic angle and the greater sciatic notches are 
of male types. 

(3) Platypelloid^ or flat pelvis — This is a flat type of pelvis in which the 
transverse diameter is much larger than the antero-posterior diameter. . 


Awm*o*oio rrw cnurcss ttm 



Fig. 322. The different types of female pelvis. 


(4) Antliropoid or ape-type of pelvis — This type of pelvis has a much longer 
antero-posterior diameter and the sacrum is long and narrow. The 
sub-pubic angle is narrow and the anterior part of the pelvic inlet is not 
triangular in shape. 


THE FEMUR 

The femur or the thigh bone is the longest and the strongest bone in the body ' 
and consists of a body or shaft and tico extremities. The upper extremity consists of a 
rounded head, a neck, a greater trochanter and a lesser trochanter. The head and the neck 
project upwards , medially and forwards from the upper part of the body. The body Is 
more or less cylindrical in form and presents a forward convexity. The lower end is 
x expanded and consists of two broad condyles, the lateral and the medial condyles, which 
articulate with the condyles of the tibia. 
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Side determination. Hold the bone in such a way that the head looks up* 
wards and medially, the convex anterior surface of the body looks forwards and 'the 
head of the bone will determine the side opposite to the bone, ' 

General features. The head is globular in form and is covered everywhere 
by articular cartilage except near its centre where it presents a rough depression, 
(fovea capitis femoris). It is directed upwards and medially and articulates with the 
acetabulum of the hip bone to form the hip joint. 

The neck of the femur just succeeds the head and is broad and flattened from 
before backwards. It links up the head with the body .and is oblique in direction. 

Its upper border is shorter, straighter and almost horizontal in direction while its 
lower border is longer and oblique and is directed downwards, laterally and back- 
wards. The neck is narrowest in its middle part but wider at its both ends; it is 
widest at its base where it joins with the upper end of the body. The inclined 
position of the.neckJs an added advantage towards better movement- The junction ^ 
between the neck and the body is marked anteriorly by a roughened ridge known 
as the trochanteric ling and posteriorly by a similar ridge known as the trochanteric crest . 

It is pierced by numerous vascular foramina which are more marked on its posterior 
aspect. 

The greater trochanter of the femur forms a quadriangular eminence which 
projects upwards from the junction of the body and the neck. Its postero-superior 
part projects upwards and medially beyond the level of the neck so as to overhang the 
latter. It consists of anterior, lateral and medial surfaces and a superior border. The 
anterior surface looks forwards and is rough and irregular. It is separated from the 
lateral surface by an indistinct ridge. The lateral surface faces laterahvards and is 
quadrilateral in form. An oblique ridge descends downwards and forwards from its 
postero-superior angle. Its medial surface presents a deep depression at its postero 
inferior part and is known as the trochanteric fossa. Above this fossa is a less cons* 
picuous depression for muscular attachment. Its superior border forms a prominent 
margin and presents a muscular impression anteriorly. 

The lesser trochanter forms a blunt conical eminence at the infero-medial 
part of the neck and is rough for muscular attachment. 

The trochanteric une is a rough oblique ridge placed between the junction of 
the anterior surface of the neck and the body. It begins above in a small tubercle 
situated in front of the upper part of the anterior surface of the greater trochanter 
' and runs obliquely downwards and medially to the lower part of the neck ■where it is 
continuous with spiral line which curves downwards, medially and backwards round 
‘the upper part of the body. __ 

The trochanteric Crest begins from the postero-superior angle of the greater 
trochanter and ends below in the lesser trochanter. Opposite its mid-point it presents 
a low rounded elevation known as the quadrate tubercle. 

The Body or shaft of the femur is narrow opposite to its middlepartbut expands 
both above and below. It consists of lateral , medial, and posterior borders and anterior, 
lateral, medial, upper posterior and lower posterior surfaces. In anatomical position, the 

body of the femur inclines medially, and this inclination is known as the angle of \ - 

obliquity. The angle of obliquity partly compensates for the inclination ’of 'the 
hcckljy approximating the weight-bearing articular surfaces of the knee (condyles 
of the femur and tibia) closer to the centre of gravity. The angle of obliquity of the 
femur is obtained by the angle formed between the long axis of the femur and the 
perpendicular Une drawn from the horizontal line that passes across the lower 
surfaces of the femoral condyles ; the angle varies between 3° and 15° with an 
average of 9*56° (Pick, Stock and Anson). — - - ' 

Both the medial and the lateral borders are ill-defined and rounded. The 
lateral border separates the anterior from the lateral surface while the medial border 
separates the anterior from the medial surface. The posterior border forms a cons- 
picuous thickened crest opposite to the middle-third of the bone and is known as the 
linea as vera. It consists of a lateral and a medial lip and an intermediate area . Both 
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above and below, the lips of the 
linea aspera diverge from each 
other and bind the upper and 
low cr posterior surfaces. Interiorly 
the diverging lips of the linea 
aspera form prominent margins 
which reach the lateral and the 
medial condyles of the lower end 
and are known as the lateral and 
• medial supracondylar lines respective- 
ly. The lateral supracondylar line 
is more prominent and is conti- 
nuous above with the lateral lip 
of the linea aspera. The medial 
supracondylar line is less distinct and 
is deficient in its upper part where 
it is traversed hy the femoral 
artery in its course from " the 
medial aspect of the thiph to the 
popliteal fossa. Superiorly the 
medial lip of the linea aspera is 
continuous with the spiral line 
while its lateral lip ascends up- 
wards and laterally to the root of 
the greater trochanter as a 
roughened ridge known as the 
gluteal tuberosity. It is often called 
the third trochanter of the femur. 

The anterior surface Is convex 
in its general outline and is conti- 
nuous with the medial and lateral 
surfaces, being separated from 
them by the ill-defined medial 
and lateral borders. Its lower 
part is broader than its upper 
and middle parts. The medial 
surface lies in between the medial 
border and the linea aspera and 
faces backwards and medially 
while its lateral surface intervenes 
between the linea aspera and the 
lateral border and faces back- 
wards and laterally. The upper 
posterior surface is bounded laterally 
by the gluteal tuberosity and 
medially by the spiral line which 
is continuous above with the tro- 
chanteric line and below with the 
medial lip of the linea aspera. 
The lower posterior surface is 
bounded laterally by the lateral 
supracondylar line and medially 
by the medial supracondylar line 
and is known as the popliteal 
surface of the femur and forms the 
upper part of the floor of the 
popliteal fossa. 


MEATH T10CH*lfn* 



The lower end of the femur is broad and expanded and is divided into lateral and 
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medial condyles. Each of these 
condyles is partly articular and 
partly non-articular. The articular 
part is covered by hyaline arti- 
cular cartilage and forms a 
smooth extensive articular surface. 
The anterior inferior and poste- 
rior surfaces of each condyle are 
covered by the articular surface. 
Anteriorly the articular surfaces of 
the two eondylcS are continuous 
with each other sp as to form a 
common saddle-shaped articular 
area known as the patellar surface_ 
which articulates with the posterior 
surface of the patella. The patellar 
articular surface ascends more on 
the anterior aspect of the lateral 
condyle than the medial condyle 
and thus the upper margin of the 
patellar articular surface is oblique 
in direction. The patellar arti- 
cular surface is concave from side 
to side and is hollowed out antero- 
posteriorly in its long axis for 
articulation with the posterior 
surface of the patella. The 
patellar articular surface is conti- 
nuous posteriorly with the tibial 
articular surface of the corres- 
ponding condyle of the femur but 
a faint groove is usually found in 
. each condyle to form a line of 
demarcation between the two 
. articulating surfaces. The groove 
on'*(Jie lateral condyle Is more 
complete and begins from the 
anterior part of the intercondylar 
notch and passes laterally and 
forwards across the lower surface 
of the lateral condyle to terminate 
in a triangular depressed area at 
the lateral edge of the same. The 
groove on the medial condyle is 
restricted to its medial edge only. 
From the lateral end of the groove 
on the medial condyle the patellar 
articular surface extends bacb- 
wards on the lateral aspect of the 
medial condyle to form a semi- 
luner area in front of the inter- 
condylar notch. Thisjarea arti- 
culates _jyith-the.-medial~vextical 
strip of patella during JulLflexion 
of knee jointTThe posterior and 
inferior parts of the articular sur- 
face of each condyle form the iibial articular surface which articulates with the . corres- 
ponding condyle of the tibia.witTT'tfic intervening semilunar cartilage. The tibial 
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articular surfaces of the two condyles are separated from each other by the inter- 
condylar notch. Thus the whole femoral articular surface is roughly horse-shot 
in appearance. The anterior ends of the two condyles arc flush with the anterior 
surface of the lower part of the shaft while their posterior ends project backwards 
beyond the level of the popliteal surface and arc separated from each other by the’ 
intercondylar notch. The medial condyle descends to a lower level for about .5 tin. 
than the lateral condyle and owing to this, when the condyles of the femur articubte 
with the condyles of the tibia, an angle is formed by their articulation which measures 
about 170® and is open laterally. This lower descent of the medial condyle parti) 
compensates for the obliquity of the femur. 

The lateral condyle presents a low rounded elevation on its lateral aspect known 
as the lateral epicondyle. In between this and the articular margin posteriorly there 
is a groove which is deeper in front than behind. Its medial surface forms the lateral 
boundary of the intercondylar notch. 

The medial condyle is more prominent than the lateral condyle and is marked on 
its medial aspect by a low rounded elevation known as the medial epicondyle. Imme- 
diately above the medial part of its posterior end it presents a small tubercle -known? 
as the adductor tubercle. The medial supracondylar line ends in it. The lateral 
surface of the medial condyle forms the medial boundary of the intercondylar notch- 

The intercondylar notch separates the two condyles both inferiorly and posteriorly. 
Posteriorly it is separated from the popliteal surface by transverse ridge known aa 
the intercondylar line. Anteriorly it is bounded by the lower border of the patellar 
surface. 

Particular features. The head of the femur is received into the acetabulum 
of the hip bone to form the hip joint. The depression on the head (fovea capitii 
femoris) gives attachment to the ligament of the head of the femur which is intra- 
capsular but extrasvnovial. Morphologically the ligament or the head of the femur 
represents the foetal capsular ligament which has been pinched off by the developing 
head or perhaps it represents a part of the pectineus. 

The neck or the femur projects markedly medialwards, upwards and slightly 
forwards from the upper end of the shaft. Due to this medial and upward projec- 
tion the long axis of thc ncck makes an angle with the long axis of the shaft, and 
the angle thus produced is known as the angle of inclination which varies considerably 



with age. In the foetus of about 2.5 months old it is about 141°, in a 
child of nine months it is about 128®, and in the adult it averages about 127 s 
(Humphry). In females the angle of inclination is slightly smaller than the 
males. The forward projection of the neck also makes an angle with the shaft 
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known as the angle of torsion or 
the angle of declination which is 
obtained by the meeting of two 
.lines, one that passes through 
the long axis of the neck and 
the other that passes through 
the centres of the two femoral 
condyles. The angle of torsion 
varies considerably from indivi- 
dual to individual and ranges 
between 1° and 41 0 with a mean 
of 14'01* (Pick, Stack and 
Anson). Anteriorly the neck 
is completely in tra capsular 

because the latter is attached 
in front to the trochanteric 
line. Posteriorly it is partly 
intracapsular because the cap- 
sular ligament is attached to 
the neck about { inch above 
the trochanteric crest. There 
may be a deficiency in the line 
of attachment of the capsular 
ligament posteriorly, and a 
synovial protrution through this, 
forms the burs a for, the obtura- 
tor exterxma_ te ndon which 
usually makes a Impression on . 
the bone in this part in its 
course to the trochantic fossa 
for its insertion. The foramina 
on the anterior and posterior 
aspects of the neck transmit 
the ej)iphyseal_blood__vesseIs. 
The neck of the femur is lined 
by the synovial membrane 
which is thrown into folds as it 
bridges over the retinacular 
bands of the capsular ligament. 
Some of the deeper fibres of the 
capsular ligament after being 
attached to their line of attach- 
ment in the neck spread over 
the latter towards the head and 
form the retinacular fibrjs. Thtse 
retinacular“fibres form three 
, bands, two of which are situated 
on tire anterior aspects of the 
neck and spread inwards from 
the upper and lower parts of 
the trochanteric line. The third 
retinacular band is placed over 
the postero-superior part of the 
neck. The synovial membrane 
i in its course to the neck spreads 
’ over these bands. 



The greater trochanter of the femur projects upwards and its postcro- 
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us bony prominence which can 
be felt from the skin. Its ante- 
rior surface gives insertion to 
gluteus minimus. The oblique 
ridge on its lateral surface gives 
insertion to gluteus medius. The 
area in front of it is occupied 
by a bursa for the gluteus' 
medius muscle. The area be- 
hind it is covered by the deep 
fibres of the gluteus maximus 
being separated by the trochan- 
teric bursa of the same muscle. 
The trochanteric fossa gives, 
insertion to obturator externals. 
The less conspicuous depression 
above the trochanteric fossa 
gives insertion to the common 
tendon of obturator interims and 
gemellus superior et inferior. The 
muscular impression on the 
superior border gives insertion 
to pyriformis muscle. 


The LESSER TROCHANTER 

of the femur is situated on the 
infero-medial part of the junc- 
tion between the neck and the 
body. Its summit gives inser- 
tion to psoas major muscle 
while the inferomedial part of 
its base gives insertion to the 
iliacus muscle which extends to 
the upper posterior surface for 
a short distance. 


The TROCHANTERIC LINE 
marks the line of junction 
between the neck and the body 
anteriorly. It gives origin to 
two muscles and 'attachment 
to two ligaments. The cap- 
sular ligament is attached to 
its inner part throughout its 
whole length, the lateral and 
the medial bands of the ilio - 
femoral ligament are attached to 
its upper and lower halves 
respectively outside the capsular 
ligament and the vastus lateralis 
arises from its upper-half while 
the vastus medialis arises from 
its lower-half external to the 
ilio-femoral ligament. 

The TROCHANTERIC CREST 


marks the line of junction between the body and the neck posteriorly. The 
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additional secondary centre for its posterior tubercles. The primary centre for 
the calcaneum appears at sixth month; its secondary centre •for the medial and 
lateral tubercles (posterior tubercles) appears at 8lh to 10th years and unites with 
the rest or the bone beta ecn fifteenth and eighteenth years. The primary centre for. 
the cuboid appears at birth, that for the lateral cuneiform bone at first year, navicuar 
at third year and the intermediate and medial cuneiform bones at fourth year. 

Metatarsal bones. Each of the metatarsal bones ossifies from one primary 
centre for the body which appears at ninth week of foetal life and from one secondary 
centre for its epiphyseal end. The secondary centre for the base of the fint meta- 
tarsal appears at 3rd year and unites with the body at eighteenth^ year. The 
secondary centre for the head of the other metatarsals appears at third year ana : 
unites with the body at eighteenth year. 

Phalanges. Each phalanx has one primary centre for thebody and head, and 
one secondary centre for the base. 

The primary centre for the distal phalanx appears at the end of third month of 
foetal life, that for the proximal phalanx at the end of fourth month and for the 
middle phalanx at sixth month to birth. The secondary centre for the base- appears 
at third year and unites with the body between fifteenth and eighteenth years. 


THE CRANIAL OR THE SKULL BONES 

The cranial bones including the mandible arc twenty-two in number and they 
are as follows : 

1 - *(fe) Ethmoid . . . . I - 

2 (9) Palatine .. .. 2 

1 HO) Maxilla .. .. 2 

2 (11) Zygomatic .. .. 2 

1- (12) Nasal .. .. 2 

2 (13) Vomer .. .. » 

2 tL4) Mandible .. .. 1 


(3) Frontal 
741 Temporal 

(5) Sphenoid 

(6) Lacrimal 

(7) Inferior nasal concha 


THE OCCIPITAL BONE 


The occipital bone is situated at the postero-inferior part of the cranium. It >* 
trapezoid in shape and presents a concavity forwards and a convexity backwards. 
It encloses a large oval foramen, the foramen magnum through which the cranial - 
cavity communicates with the vertebral canaL The expanded plate of bone behind 
the foramen magnum is known as the squamous part and the quadrilateral piece of bone 
in front of it b the basilar part, and on either side of the foramen b the lateral part 
{condylar part) which links up the basilar and the squamous parts. 

Squamous part. The squamous part of the occipital bone consbts of an : 
external and an internal surface, superior and lateral angles and lambdoidnnd mastoid borders. 
External surface. The external surface is convex in all directions and mid -way 
between its summit and the margin of the foramen magnum it presents a prominence 
known as the external occipital protuberance. It forms an important bony landmark 
known as the inion on the exterior of the skull and can be palpated without any - 
difficulty. The superior sagittal sinus ends and the transverse sinus begins opposite thb level 
It gives attachment to the highest point of the ligamentum nuctiae. Descending 
downwards from it in the median plane to the margin of the foramen magnum b a ' 
crest known as the external occipital crest which gives attachment to the ligamentum 
rtuchat. Two arched lines, one above the other, extend laterahvards from each side of 
the external occipital protuberance and arc known as the highest and superior nuchal 
lines respectively. The highest nuchal line b less distinct and gives attachment to the ' 
x galea aponnaotica or the epicranial aponeurosis. The superior nuchal line is well marked 
and lies below the highest nuchal line. The superior nuchal line gives origin to 
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trapezius and occipital belly of the oceipilo-frontafcs'arid insertion to stemomastoiJ and 
splenitis capitis. Trapezius is attached medially and the occipital belly of the occipito- 
frontalis is attached laterally and below the latter the stemomastoid and the splenitis 
capitis are attached. Running laterally from the middle of the external occipital 
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\f ip.’, *Or) ''rectus capitis 

POSTERIOR MAJOR 


OCCIPITAL CONDTLES flBROUj RARHE OF THE PHARYNX 
Fig. 376. The external aspect of the occipital bone with attachment and relation. 


crest is another arched line knotyn as the inferior nuchal line. The portion of 
the bone above the external occipital protuberance and the highest nuchal 
line is smooth and featureless and is known as the planum occipital which 
is covered by the galea aponeurotica (epicranial aponeurosis) and the remaining 
portion of the external surface is rough for muscular impressions and is known 
as the planum nuchal or in other words the plane pertaining to the muscles of 
the neck. The area in between the superior and inferior nuchal lines gives 
insertion to stmisptnalis capitis medially and obliguus capitis superior laterally. The 
inferior nuchal line and the area below it give insertion to rectus capitis posterior 
minor medially and rectus capitis posterior major laterally. The postero-Iateral margin 
of the foramen magnum gives attachment to the posterior atlanlo-ocdpilal membrane 
which forms the floor of the sub-occipitai triangle in this situation. 

The internal surface is deeply concave and is divided into four fossae by a cruciate 
eminence, the limbs of which meet at an irregular prominence, the internal occipital 
protuberance opposite the mid-point between the summit of the bone and the margin of 
the foramen magnum. The upper two fossae are triangular in form and lodge the 
posterior ends of the cerebral hemispheres. The lower two are quadrilateral in shape 
and arc occupied by the cerebellum. Extending upwards from the internal occipital 
protuberance to the summit is the groove for the superior sagittal sinus and is known 
as the sagittal sulcus; the margins of the groove give attachment to the falx cerebri. 
Descending downwards and forwards from it towards the foramen magnum is a 
ridge, the internal occipital crest which gives attachment to the falx eertbelU and in 
between the two layers of the falx ccrebelli there lies the occipital sinus in this situation. 
Immediately behind the margin or the foramen magnum the internal occipital crest 
bifurcates to enclose a depressed area known ns the temian fossa for the lodgment of 
the inferior vernis of Ike cerebellum. Extending lateralwards from the internal occipital 
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protuberance is a transverse groove, the transverse sulcus which lodges the transient 
sinus and the margins of the groove giveattachment to lhe tentorium cerebelli. The right 
transverse sulcus is usually larger than the left and is continuous with the sagittal 
sulcus and the point of union between the two is marked by a wide depression which 
lodges the conjluence of the sinuses formed by the union of the superior sagittal sinus 
and the right transverse sinus. The occipital sinus and the straight sinus open into the 
confluence of sinuses in this situation. 



The superior angle forms the summit of the squamous part and is formed by the 
union of the two lambdoid borders. It articulates with the occipital or postero- 
superior angles of the parietal bones. The lateral angles arc placed at the ends of the 
transverse sulci and each is received into the interval between the parietal bone 
and the mastoid part of the temporal bone. The lambdoid border extends from the 
superior angle to the lateral angle and articulates with the occipital or posterior border 
of the parietal bone. The mastoid border extends from the lateral angle to the jugular 
process and articulates with the mastoid part or the temporal bone. 

Basilar part. The basilar part of the occipital bone projects upwards and for- 
wards from the foramen magnum and consists of anterior, superior and inferior surfaces 
and posterior and two lateral borders. 

The anterior surface is rough and quadrilateral in shape and articulates with the 
body of the sphenoid by means of a plate-like cartilage which undergoes ossification 
at the 25th year of life (primary cartilaginous joint). 

The superior surface is hollowed out and smooth and is known as clivus which 
lodges the lower part of the pons and the medulla oblongata. On either side, close to 
the lateral margin it presents a slight groove the inferior petrosal sulcus which lodges 
the inferior petrosal sinus. The two inferior petrosal sinuses are connected with each 



LOCOMOTOR SYSTEM 


325 


other by a network of veins which occupies the superior surface of the basilar part 
and is known as the basilar sinus. The posterior part of the superior surface close to 
the margin of the foramen magnum gives attachment to the following ligaments 
in order from above downwards and backwards. 

(1) Mmbrena ttetoria . 

(2) Upper band of Ike cruciate ligament of the atlas. 

(3) Apical ligament. 

(4) Anterior ailanto-occipilal membrane. 

The inferior surface is rough and convex in its general outline. Opposite to the 
median plane about in front of the foramen magnum there is a small tubercle 
known as the pharyngeal tubercle for the attachment of the fibrous raphe from the pharynx. 
On either side of this tubercle this surface gives insertion to the (origin capitis muscle 
and the depression in front of the condyle gives insertion to rectus capitis anterior. 

The lateral margin of the basilar part articulates with the petrous part of the 
temporal bone. The posterior margin is formed by the anterior margin of the foramen 
magnum and gives attachment to anterior atlanto-occipital membrane. 

Lateral parts (Condylar parts). The condylar part of the occipital bone is 
situated on each side of the foramen magnum and forms a link between the basilar 
part and the squamous part. Inferiorly each condyle presents a convex articular 
surface, the occipital condyle which articulates with the superior concave articular 
facet of the atlas. Each occipital condyle is either oval or kidney-shaped and its 
articular surface faces downwards and laterally. The long axis of the occipital 
condyle is directed forwards and medially so that their anterior ends arc closer 
together and their posterior ends are wide apart. Immediately above the anterior 
end of each condyle is the anterior opening of the bypoglossaLcanaJ which transmits 
the hypoglossal nerve, meningeal branch of the ascending pharyngeal artery and an emissary vein 
connecting the basilar venous plexuses with the pterygoid venous plexus. Behind the 
posterior end of each condyle is a depression, the condylar fossa which receives the 
posterior part of the superior facet of the atlas when the head is bent backwards. 
Sometimes the condylar fossa is perforated by the condylar canal which transmits an 
emissary vein which connects the sigmoid sinus with the veins of the sub-occipital 
triangle. The superior surface of the condylar part is formed by a rounded eminence 
known as the iuberculum jugular e which bridges across the hypoglossal canal. The 
posterior part of the tubcrculum jugulare presents a shallow groove which lodges 
the glossopharyngeal, vagus and accessory nenes. The medial aspect of the condyle 
presents a rough area or a tubercle which gives attachment to the alar ligament. The 
circumferential margin of the occipital condyle gives attacliment to the capsular 
ligament of the atlanto-occipital joint. 

From the junction of the condylar part and the squamous part, a short process 
projects lateralwards and is known as the jugular process. It consists of superior, 
inferior, anterior and lateral surfaces. The superior surface presents a curved groove 
which lodges the terminal portion of the sigmoid sinus. The inferior surface is rough and 
gives attachment to rectus capitis lateralis. On this surface there is a small eminence 
known as the para mastoid process. ^ This para mastoid process, in certain percentage 
of cases, may be sufficiently long to articulate with the transverse process of the atlas. 
The anterior surface of the jugular process presents a concavity known as the jugular 
notch which in the articulated skeleton, forms the posterior boundary of the jugular 
foramen. The jugular foramen is divided into anterior, posterior and 'intermediate 
compartments by two bony spicules known as the intrajugular processes. The anterior 
compartment transmits the inferior petrosal sinus ; the posterior compartment transmits 
the internal jugular vein while the intermediate compartment transmits the glosso- 
pharyngeal , vagus and accessory nerves. One of the meningeal branches of the ascending 
pharyngeal artery and an emissary vein may also pass through this foramen. The 
lateral surface of the jugular process forms a quadrilateral articular surface wltich 
artictilates with the similar surface on the inferior aspect of the petrous part of the 
temporal bone through the medium of a cartilage forming a primary' cartilaginous 
joint (synchondrosis). After 25th year the cartdage becomes ossified. v ' , 
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Foramen magnum. The foramen magnum is an oval aperture in the occipital 
bone around which tljcre lies the different portions of the bone, namely, the bauiar 
part in front, the squamous part behind, and the condylar part on either side. It is 
wider behind than in front and its longest diameter passes antcro- posteriorly opposite 
to the median plane. The alar ligament which is attached to the tubercle on tl\c 
medial part of the condyle incompletely subdivides the foramen magnum into 
a smaller anterior compartment and a larger posterior compartment. The anterior 
compartment transmits die odontoid process of the axis, the apical ligament, vpper band of ft* 
cruciate ligament of the alias and the membrana tecloria; the larger posterior compart- 
ment transmits the lower end of the medulla oblongata and its coverings (dura mater, 
arachnoid mater and the pia mater) and along it in the subarachnoid space the I 
following structures pass. 

(1) Spinal portion of the accessory nerve . . / 

(2) Two vertebral arteries with the plexus of . . £ Ascending 

sympathetic nerves. . . ) . 

(3) e Interior and posterior spinal arteries . . . . Descending 

The anterior margin of the foramen magnum gives attachment to the anterior* 
atlanto-occipital membrane and its posterior margin to posterior atlanto-occipi}3l 
membrane. The foramen magnum communicates the posterior cranial fossa with 
the vertebral canal. 

Ossification. The occipital bone comes to the formation of both the vault as well 
asthebaseof the cranium, and before ossification it is preformed partly in membrane 
and partly in cartilage. The^ portion of the squamous part that lies above the 
highest nuchal line (planum occipitalc) is preformed in membrane while the rest of the 
bone is preformed in cartilage. 

The bone ossifies from seven centres, two for the membranous portions above the 
highest nuchal line, two for the resr of the squamous part, one for each of the condylar 
part and one for the basilar portion. The two centres for the membranous portion 
appear at the eighthweek of intrauterine life, one on each side of the median plane 
and soon unite to form the upper o r interparietal division of the squamous part. The 
two centres for the rest or the squamous part, one on each side of the median plane, 
appear at the seventh week of intrauterine life and soon fuse together to form the 
lower or supra-occipital division o f the squamous part, and the upper and the lower 
divisions oi ttic squamous part, of the interparietal and the supra-occipit a l divisio ns, 
fuse together at about the third month of intrauterine life. The centre - ior rhe 
condylar part appears during the eighth week of intrauterine life and that for the 
basilar part appears at the sixth week. At the fourth year the squamous part unites 
with the condylar parts which again unite with the basilar part at about the sixth 
year. Thus at about the sixth year the bone becomes a single piece. The basilar 
part unites with the body of the sphenoid bet ween eighteenth and twenty-fifth years. 

ft. Ji. Sometimes the interparietal portion of the squamous part remains separate 
either as a single piece or as two pieces and remains united with the rest of the bone 
by sutures or fissures and when it so exists it is called the interparietal bone. 

The squamous part, as it is known, unites with the condylar part during the 
fourth year oflife and at birth the two portions remain united through the medium 
of a band of cartilage. This joint is called the obstetrical hinge-joint (Budin) 
because it allows limited sec-saw movement during the process of delivery of the 
foetus and thus allows moulding of the foetal head in which its diameters and form 
are modified to suit the passage of the foetus through the birth canal, 

The posterior margin of the foremen m3gnum, according to some authority, 
occasionally ossifies from a separate centre known as the Kerckring centre which appears 
during the sixteenth week and unites with the rest of the bone before birth./ Frazer 
declines to admit the existence or such a centre and he infers that greater part of the 
margin of the foramen magnum is formed by the condylar part, and a small portion 
in front, by the basilar part, and a similar small portion by the squamous part poste- 
riorly, and before ossification the posterior margin of the foramen magnum is drawn 
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out into a blunt ang1e-—lhc posterior ineisura. According him this blunt angle is 
gradually dosed up during the process of ossification and sometimes the process of 
extension of ossification to this angle may result in the formation of a tongue-like 
process in this situation known as Kerckring process. 



fig. 378. The external aspect of the occipital bone after birth. 


THE PARIETAL BONES 


The parietal bones are two in number and by their union form the greater part 
of the vault and the sides of the cranium. Each is irregularly quadrilateral in 
shape and consists of two surfaces, four borders, and four angles. Its surfaces are 
external and internal. Its borders are sagittal (superior), squamosal (Inferior), 
frontal (anterior) and 'occipital (posterior) and its angles' are frontal (antero-superior), 
sphenoidal (antero-inferior), occipital (postero-superior) and mastoid (pcstero-inferior) . 
The external surface is convex while the internal surfaceTTcfeeply concave. The 
sagittal border is the longest one and is thickly serrated. The squamosal border 
forms an arched border and its anterior two-thirds are bevelled at the expense of its 
outer surface while its posterior one-third is thickly serrated. The sphenoidal angle 
is thin and projecting downwards and is bevelled at the expense of its outer surface. 

Side determination. Hold the bone in such a way that its sphenoidal angle (antero- 
inferior angle) looks downwards and forwards, the sagittal or superior border which 
is straight and thickly serrated lies above to face the median plane, the arched 
inferior border looks downwards and the convex external surface will determine the 
side to which the bone belongs. 

External surface. The external surface is convex in all the directions and 
presents near its centre a rounded eminence known as the parietal tuber (eminence). 
The importance of the parietal eminence is that (a) it forms an important bony 
landmark; (b) the maximum transverse diameter of the skull corresponds to this 
eminence; (c) the centre of ossification first starts at this point and then spreads on tin 
a radiating manner; (d) it corresponds to the upper end of the lateral sulcus of the 
cerebral hemisphere and that the centre for written and printed words ' 0 1 4 
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marginal gyri) lies opposite this level. Two arched lines situated one above the 
other known as the superior and inferior temporal lines traverse this surface irons 
before backwards. The superior temporal line gives attachment to temporal Jams 
and the inferior temporal line gives origin to the highest fibres of the temporalis muscU 
The portion of the none above these lines is covered by the galea aponcuroucs 
{epicranial aponeurosis ) and that below these lines forms a part of the temporal fossa. 
About 2 inches in front of the occipital or postero-superior angle and^ dose to the 
superior border there is a foramen, the parietal foramen, which transmits a branch 
from the occipital artery and an emissary vein which connects the superior sagittal sinus 
with the occipital vein. 

Internal surface. The internal surface is deeply concave and is marked by 
impressions of the cerebral gyri and of the brandies from the middle meningeal vessels. 
Opposite the sagittal (superior) border it presents a longitudinal shallow groove 
which with a similar groove on the opposite side forms the sagittal sulcus which lodges 
the superior sagittal sinus and its margin gives attachment to the falx cerebri. Close to 
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Hg. 379. The left parietal bone. External aspect. 

the sagittal sulcus there are a number of granular foveolae (pits) for the lodgements of 
arachnoidal granulations. The impression for the anterior branch of the middle menin- 
geal artery begins from the inner surface or the anteco-inferior angle and soon divides 
into two, one lies at a distance of about | an inch from the anterior border and runs 
parallel to it while the odicr runs upwards and backwards. Another groove that runs 
upwards and backwards at a dose distance from the postcro-inferior angle is caused 
by the posterior division of the middle meningeal artery. The branches of the middle 
meningeal artery lie in between the dura mater and the cranium and the vascular 
impression is actually produced by the middle meningeal sinus and not by the artery. 
Opposite the postcro-inferior angle th is surf ace presents an arched groove which 
lodges the en d of the transverse sinus and TRrTeommencemen t of the sigmoid simis. 

The sagittal or superior border is the longest and the thickest. It is straight and 
thickly serrated and articulates with the fellow of its opposite side to form the sagittal 
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suture. The squamosal or inferior border is arched and is divided into three portions 
“-anterior, intermediate and posterior. The anterior portion is bevelled at die 
expense of its outer surface and articulates with the greater wing of the sphenoid. 
The intermediate portion is arched and bevelled at the expense of its outer surface 
and articulates with the squamous part of the temporal bone. The posterior portion 
is straight and thickly serrated and articulates with the mastoid part of the temporal 



Fig. 380. The left parietal bone. Internal aspect 


bone. The frontal or anterior border is serrated and is bevelled at the expense of its 
inner surface above and outer surface below and articulates with the posterior border 
of the frontal bone to form half of the coronal suture . The occipital or posterior border 
is also thick and serrated and articulates with the lambdoid border of the squamous 
part of the occipital bone to form half of the lambdoid suture. 

The frontal or the antero-superior angle is formed by the union of the sagittal and 
frontal borders and forms almost a right angle and corresponds to the point of union 
between the sagittal and coronal sutures and this point on the skull is called the 
bregma. The sphenoddal or the anterior-inferior angle is very thin and in the articulated 
skull it forms the meeting point of four bones known as the pterion. The four bones 
that meet at the pterion are the frontal, parietal, greater wing of the sphenoid and the 
squamous part of the temporal bone. The anterior branch of the middle meningeal 
artery lies in close relation to the internal surface of the antero-mferior angle. The 
occipital or postero-superior angle corresponds to the lambda of the articulated skull and 
marks the line of union between the sagittal suture and the lambdoid suture. The 
mastoid or the postero-inferior angle corresponds to the asterion or the meeting point 
of three bones on the skull and the bones are the postero-inferior angle of the parietal 
bone, lateral angle of the occipital bone and the mastoid part of the temporal bone. 

Ossification. The parietal bone is a membrane bone and ossifies from two 
centres. The two centres, one above the other, appear at the site of the future 

F arietal eminence during the seventh week of intrauterine life and soon fuse together, 
rom this the ossification radiates towards the margins of the bone and at birth the 
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angles of the parietal bone still remain to be membranous and these unoaified 
membranous gaps arc called the fontan elles (anterior, posterior, antcro-infenor ana 
postcro-inrenor). Except thrantcrior fontanellc which closes hy .ossification during 
eighteenth month-of post-natal life all others close soon after birth. 


FONTANELLES • • 

-• The unossifted membranous gaps in die skull at birth arc known as fontanelles 
and thev are altogether six in number, 
two occupying the median plane and two 
on the lateral aspect of each side of the 
skull. They correspond to the four 
angles of the parietal bone and those 
on the median plane, that is, those 
corresponding to the antero-superior 
and the postcro-superior angles of the 
parietal bone, arc know n as the anterior 
and posterior fontanelles respectively and 
those corresponding to the antero- 
inferior and postcro-infcrior angles arc 
called the antero-lateral and postero-lateral 
fontanelles respectively. 

Functions of fontanelles. (1) 

They allow overlapping and moulding 
of the skull during birth of the baby. 

(2) Further growth of the brain is 
permitted due to their presence. 

Anterior fontanclle. It is placed 
at the junction of the sagittal and coro- 
nal sutures and is diamond-shaped. It 
measures about one and a half inches 
in length and one inch in breadth. It 
consists of anterior, posterior and two 
lateral angle i and four sides. 

Importance and significance — 

(1) Developmental importance. Usually in normal condition the membranous gap 
of the anterior fontanellc is replaced by bony tissue by the eighteenth month. Any 
delay in closure of the gap indicates defective bone formation. Age of tiie child may 
be ascertained by seeing this development. 

(2) Surgical importance. Puncture of the lateral ventricle of the brain may b< 
done by pushing a needle through the lateral angle of the fontanellc. Intravenou: 
injection or withdrawal of blood may be done by puncturing the'superior sagitta 
sinus which lies opposite to the median plane just beneath the skin and the membrane 

(3) Medical importance. Abnormal bulging or sinking of the fontanellc indicate! 
increased intracranial pressure or insufficiency of body fluid respectively. 

(4) Obstetrical importance. While doing a vaginal examination palpation or thi: 
will indicate the position of the baby. 

Posterior fontanclle. It is triangular in shape and is situated at the junctior 
of the sagittal suture and the lambdoid suture. It is of less importance and closes 
shortly after birth. 

Other fontanelles, namely, antero-lateral and postero-lateral fontanelles have n< 
practical values except moulding of the foetal skull during birth of the baby and 
arc closed by osseous tissues soon after birth. 


ANTERIOR fONTANEUI 
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the frontal bone 

Resurfaces arc frontal or externa , lh an d convex in its general 

. i ,rface The frontal surface i s ^ arp margin known as the 

Frontal surfa - orbital plate by . .:fc consists of two different 

atHne. Jt frontal bone in early em n > i ^ median plane. Usually 

ipraorbilal margin. . un ;te by suture opposi suture becomes osseously 

rgments of bones ; ti nues the line of fus *?" .u cre is no existence of such 

fter birth ^ , Ulcr an d in fully forme remains of ih<t frontal or 

;ontinuous ™° ta ; n percentage of ^“//"hemedian plane. On each 

iutures at all but - te to the lower part r aorbital margin there is a 

metopic suture exists °P^ about 3 cm. above P eminence). Immediately 

side of the median plan ^ ^ frgntal tuber Uronia ^ on each s i dc , are 
rounded eminence margin two arched e ’ d - ian plane to form a 

above the g which meet m ***"££ a P he3 are caused 

called the super “ l, ?V ^ the glabella. Th« P he bone and their promi- 

smooth elevation k fronta \ air sinuses wth of the frontal 

by the P r «^ e J cn t depends upon the frontal eminence by a 

nence to so ™ c /* nncrc iiiary arch ts separated . forms the upper circum- 

air sinuses. * P The supraorbital jnargm _ rominent along its outer two- 

shallow arched g • bital opening is sharp P A the junction of the outer 
ferential <***£**£ /more or less rounded. Minj ^ M thc ^ 

thirds but its medial one d there * a „ 0 tch or a toram ^ neTO Medial 

two-thirds and the mr trans mits the supraor gmm known as the /rontaf 

orfcdoi nolcft or /o a w ^ another corresponding vessels-*- 

esisss-- 5 "- 

the /irocerr vt. 
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bone. Curving upwards and backwards from the zygomatic process is an arche 
line which soon divides into superior and inferior temporal lines and scparaK 
the frontal surface from the temporal one. 



Below the glabella and between the supraorbital margins the portion of the 
bone projecting downwards is known as the nasal part of the frontal bone. It presents 
an irregular articular notch known as the nasal notch which aru'culates from medial 
to lateral side, with the nasal bone, frontal process of the maxilla and tire lacrimal 
bone. From the lower part of the nasal notch, opposite the median plane, a pointed 
process projects downwards and is known as the nasal spine. The nasal spine forms a 
part of the septum of the nose and articulates in front with the crest formed by the 
two nasal bones and behind with the anterior border of the perpendicular plate 
of the ethmoid. On either side posteriorly it presents a narrow grooved area which 
fame* 'Jr/t. natf if ’Act wnvJ^utdareg •taatl, vaJiey . 

Cerebral or Internal snrface. The cerebral or the internal surface is deeply 
concave and is occupied by the frontal lobe of the cerebral hemisphere. Opposite 
to the median plane this surface presents a shallow groove, the sagittal sulcus, which 
lodges the superior sagittal sinus. The margins of the groove, as they descend 
downwards, converge together and are joined to form a crest known as the frontal 
crest. The margins of the groove together with the frontal crest give attachment to 
the falx cerebri. Close to the sagittal sulcus there are numerous granular foceolae (pits) 
for the lodgement of the arachnoid granulations. The frontal crest ends below into 
a notch which articulates with the alae of the crista galli of the ethmoid and forms a 
foramen, the foramen ca'cum, which transmits an emissary vein connecting the superior 
sagittal sinus with the veins of the nasal fossa. On either side of the sagittal sulcus 
the internal surface presents irregular impressions for the cerebral gyri and furrows 
for meningeal vessels. 

Temporal surfaces. The temporal surface forms a part of tire temporal fossa 
and »* limited above by the superior temporal line. The superior temporal line 
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.gives attachment to the temporal fascia and the inferior temporal line together with 
; the surface below it gives origin to the temporalis muscle. 

The parietal MARGIN articulates with the parietal bones on each side of the 
median plane and forms the coronal suture. A rough triangular articular ' area behind 
the zygomatic process articulates with the greater wing of the sphenoid bone. 

Orbital plates. The orbital plates of the frontal bone consist of two triangular 
plates of bone, each of which forms the roof of the corresponding orbital cavity and 
the two plates are separated from each other by a wide gap known as the ethmoidal 
notch. Each orbital plate consists of inferior or orbital and superior or cerebral 
surfaces and posterior and medial margins. The latter is formed by the margins 
of the ethmoidal notch. 

The orbital or inferior surface is concave and forms the roof of the orbital cavity. 
Its lateral portion forms a deep depression known as the lacrimal fossa and lodges the 
lacrimal gland. Its medial portion immediately below the medial end of the 
supraorbital margin and in between the supraorbital notch and the fronto-Iacrimal 
suture presents a fossa or a spine trochlear fossa or spine (fovea vel spina trochlcaris) 
for the attachment of the fibrocartilaginous pulley of the superior oblique muscle 
of the eyeball. 



OKBtTAL PLATE 


The superior or cerebral surface presents irregular impressions for the cerebral gyri ■ 
m the inferior surface of the frontal lobe of the brain and minute furrows for the 
neningeal branches of the ethmoidal vessels. 

The posterior border articulates with the anterior border of the lesser wing of the 
phenoid and its medial margin which ‘is irregular, forms the margin of the ethmoidal 
lOtch. 

The ethmoidal notch in the articulated skull is filled up by the cribriform plate 
>f the ethmoid and the margins of the notch which present broken air cells articulate 
vith the upper surface of labyrinth of the ethmoid and completes the ethmoidal air 
iinuses. Two transverse grooves known as the anterior and posterior (thmoidal grooves 
■- traverse the margin of the ethmoidal notch and together with the similar grooves os; 



334 


HUMAN ANATOMY 


tlic upper surface of the labyrinth of the ethmoid they arc converted into anient 
and posterior ethmoidal canals which transmit the corresponding vessels and nerve 
At the anterior end of each margin of the ethmoidal notch is a large opening, th 
opening of the frontal air sinus which communicates with the middle meatus of the m 
through the fronlo-rtasal duct. 

Frontal air sinus (See 
also para*nasal sinuses). The 
frontal air sinuses are two 
in number and are placed 
on either side of the median 
plane and are formed at the 
expense of the deploic layer 
of the frontal bone opposite 
the region of the glabella 
and the superciliary arches. 

They arc extremely variable 
in shape and size and may 
be altogether absent in cer- 
tain percentage of cases. 

They arc separated From 
each other by a median 
septum which may deviate 
to one or the other side. 

Each is roughly triangular 
in shape and corresponds to 
a triangular area mapped 
out by three points — one in 
the nasion, one in the median 
plane about one inch above 
the nasion and the third on the supraorbital margin at its junction of the medial 
onc-third with the lateral two-thirds. Each is lined by raucous membrane derived 
from the nasal cavity. 

Measurements. In length one and a half inches; in breadth one inch, and about 
half an inch anteroposteriorly. * 

Communication. It communicates with the middle meatus of the corresponding 
nasal cavity through the fronto-nasal duct. 

Ossification. The frontal bone is preformed in membrane and begins to 
ossify at the eighth week oi intrauterine life from two primary centres, one on each 
side close to the region of the superciliary arch. From this point the ossification 
spreads upwards, backwards and downwards to form the squama, orbital .plate 
and the nasal part respectively. Occasionally two secondary centres 5f ossification 
may appear at the nasal spine during the tentl\_ycRE-nf "life. At-birth the frontal 
bone is seen to be divisible into two symmetrical halves by a median sature, th< 
frontal suture (metopic suture) . The two halves be gin to fine farth er at the np pei 
part during the second year and ihe fusion gradually extends downwards tillme 
rtwtOialves arc completely united by the eigntn year. Occasionally the two halve; 

ihay~not luse at all resulting m the persistence of the frontal suture' or occasional^ 

]p nlv~lhc lo w er poi-porT oTdic frontal sm urcjtcrsists. A sutural bone (wormian) 
may occasionally appear either at the-lmver or at the upper portion of the frontal 
suture. 



Tig. 383. The frontal bone at birth. Note that the frontal bow 
remains in two halves at birth which are united together st 
the frontal suture.^ 


THE SPHENOID BONE 

The sphenoid bone is situated at the base of the skull in front of the petroui 
part of the temporal bone and the basilar part of the occipital bone. It resemble 
a bat with wings outstretched and consists of a body, two greater andtwo lesser wings 
X and two pterygoid processes. 
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Body, The body of die sphenoid is cubicle in shape and possesses six surfaces 
’—superior, inferior, anterior, posterior and two lateral. 

The superior or cerebral surface of the body is irregular and presents anteriorly 
an irregular bony projection known as the ethmoidal spine which articulates with the 
posterior border of the cribriform plate of the ethmoid. Behind the ethmoidal 
spine the superior surface presents a smooth area known as the jtigum sphenoidale. 
It forms the part of the anterior cranial fossa and supports the gyrus rectus and the 
olfactory tract. Behind this there is a ridge which forms the anterior boundary of a 
transverse groove known as the optic groove. The optic groove leads laterally into 
the ofitic canal which transmits the optic nene , ophthalmic artery and the cerebral 
meninges. In the optic canal the optic nerve lies medial to the ophthalmic artery. 
Behind the optic groove is a rounded elevation known as the luberculum sellae. On 

1UM*CUUJH SCUAE 



each side of this and separated from it by a notch is the middle clinoid process. Behind 
the luberculum sellae and the middle clinoid processes is a deep depression known 
as the sella turcica. Its deepest portion lodges the hypophysis cerebri and is known 
as the hypophyseal fossa. The anterior margin of the sella turcica lodges the 
anterior intercavernous sinus while its posterior margin lodges the posterior intercavernous 
sinus. Posteriorly the sella turcica is overhung by a square plate of bone known as 
the dorsum sellae. Its superior angles form conical projections termed the posterior 
clinoid processes which give attachment to the attached border of the tentorium 
cerebelli. The posterior part of the dorsum sellae at its lateral angles are projected 
lateralwards which articulate irith the apex of the petrous part of the temporal 
_ bone and are known as the petrosal processes . The smooth concave area on the 
posterior part of the dorsum sellae is known as the clivus and supports the upper part 
of the pons. In the articulated skull it is uninterruptedly continuous with basilar 
part of the occipital bone. 

The inferior surface of the body of the sphenoid forms the roof of the posterior 
part of the corresponding nasal cavity on either side of the median plane. It 
presents a triangular spine opposite to the median plane known as the sphenoidal 
rostrum which articulates with the fissure in the superior border of the vomer. On 
either side, a thin plate of bone extends from the medial pterygoid, plate and over- 
hangs the lateral part of this surface and is known as die vaginal process. In between 
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the vaginal process and the rostrum the apex of the lower triangular part of tb 
sphenoidal concha intervenes and articulates with the ala of the vomer. 

The anterior surface is irregular and presents a crest opposite the median pla& 
known as the sphenoidal crest - which articulates with the posterior border of ih- 

perpcadtailar plate of the ctlimoK 
and forms a part of the na» 
septum. On cither side of tfc 
sphenoidal crest infcriorly is I 
rounded opening which leads Inii 
the sphenoidal air sinus within tb 
body of the sphenoid. ^ Th 
sphenoidal air sinus communicate 
with the spheno-ethmoidal rcees 
at the upper and posterior part o 
the superior meatus of the nose. 0: 
cither side of the median plan 
the anterior surface of the bod; 
presents an upper lateral depress e 
area and a lower smooth triangds 
area. The upper lateral depress^ 
area is filled up by the postcrio 
part of the labyrinth of th 
ethmoid and its lateral margin articulates with the orbital plate Of the cthmo'w 
above and with the orbital process of the palatine bone below. Hie lowc 
smooth triangular area forms part of the roof of the nasal cavity. At th 
junction of these two areas and situated on either side of the median plane is th 
rounded opening of the sphenoidal air sinus. 

The posterior surface articulates with the basilar part of the occipital bone by i 
plate-like hyaline cartilage which undergoes ossification at the 25th year and th 
two bones become osseously continuous with each other. 

The lateral surfaces of the body are fused with the two greater wings, one on cad 
side. At the junction of the body with the greater wing superiorly there is a shallov 
anteroposterior groove known as the carotid sulcus and lodges the cavcrrous sinu 
which contains the internal carotid 
artery ivilh carotid plexus of sympathetic, 
the oculomotor, trochlear, ophthalmic ■, 
division of the trigeminal and the abducent 
nerves. Anteriorly the carotid sulcus 
opens into the superior orbital fissure 
whereas posteriorly it ends into the 
foramen lacerum. * Its posterior part 
is deeper and is overhung medially 
by die petrosal process and laterally by 
a thin plate of bone known as the 
lingula which hides the posterior open- 
ing of the pterygoid canal. 

Greater wings. The greater 
wings of the sphenoid are two strong 
processes that project lateralwards 
from the sides of the body and each 
is bent on itself both laterally and in front. Its postero-latcral part is wedged 
in between the squamous and petrous parts of the temporal bone and it 
more or less triangular in form. From its postero-lateral angle (the angle that 
fits in the notch between the petrous and the squamous parts of the temporal 
bone) a pointed bony process projects down wards and is known as the spine of the 
sphenoid. By its tip it gives attachment to the spkenomandibular ligament, anterior 
ligament of malleus and to pterjgospinous ligemenl and origin to some fibres of the 
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tmsor palati muscle on 'its medial aspect. On its medial side there is a shallow 
groove which forms a part of the sulcus tubae on the base of the skull and 
lodges the cartilaginous portion of the auditory (pharyngo -tympanic) tube and 
,morc inferiorly its medial aspect is crossed by the chorda tympani nerve and pre- 
. sents a small groove for the same. Laterally the ^pine is crossed by the auriculo- 
temporal nerve. Resides the spine the greater wing of the sphenoid presents 
(•superior, lateral and orbital surfaces, posterior and squamosal borders, an apex and 
a rough triangular articular area that lies medial to the apex. 



The superior or cerebral surface is concave and in the articulated skull forms a greater 
>art of the middle cranial Fossa. It is marked by irregular depressions formed by 
he temporal gyri and is filled up by the temporal lobe of the brain. At its antero- 
nedial part it presents a rounded foramen, the foramen rotundvm which in the arti- 
:ulated skull opens anteriorly into the posterior wall of the pterygopalatine fossa 
tnd transmits the maxillary nerve. Behind and lateral to tliis is an oval aperture 
mown as the foramen ovale and transmits the sensory part of the mandibular nerve, 
ts motor root, the accessory meningeal vessels and sometimes, lesser superficial 
jctrosal nerve, the anterior middle meningeal sinus and an emissary vein that 
ronnects the cavernous sinus with the peterygoid venous plexus. Lateral to the fora- 
nen ovale and antero-medial to the spine is a foramen, the foramen spinosum which 
ransmits the meningeal branch of mandibular nerve (nervus spinosus) and the 
niddle meningeal vessels with its plexus of sympathetic^ On the bar of bone be- 
ween the foramen spinosum and ovale there may sometimes be present a small 
:anat which transmits the lesser superficial petrosal nerve when it does not pass 
trough the foramen ovale. Medial to foramen ovale sometimes a small aperture 
nay be present, and when it exists, it is known as the emissary sphenoidal foramen 
(foramen Vesalii) and transmits an emissary vein that connects the cavernous sinus 
with the pterygoid venous plexus. , . / 

The lateral surface of the greater wing is convex in its general outline and is 
divided into an upper or temporal surface and a lower or infratemporal surface by a 
transverse crest known as the infratemporal crest. The temporal surface is concave 
from before backwards and forms a part of the temporal fossa and gives origin to the 
;empora!is muscle. The infratemporal surface together with the Infratemporal 
crest gives origin to the upper head of ihe lateral pterygoid muscle . The infratemporal 
crest forms a triangular impression medially which serves to strengthen the attach- 
22 



The orbital surface of the greater wing is quadrilateral in shape and forms t! 
posterior part of the lateral wall of the orbital cavity. It is directed forwards ai 
medially and presents four borders — upper, lower, lateral and medial. Its upp 
border is articular and articulates with the lateral part of the orbital plateof the front 
bone. Its inferior border is smooth and fom« the posterolateral boundary of d 
inferior orbital fissure. Its lateral margin presents a serrated edge which articulat 
with the superior part of the postero-mcdial margin of the zygomatic bon^- _T| 
medial margin of the orbital surface is sharp and presents a tubercle in its raidd 
part which gives attachment to the annulus tcjidinciis communis. In the.articulati 
skull it forms the inferior margin of the superior orbital fissure. The orbital surfa 
comes into relation with the lateral rectus muscle, the lacrimal nerve and 'the lac 
mal artery. Below the medial end of the lower margin of the orbital surface is 
small depressed area which forms part of the posterior wall of the pterygo-palati 
fossa and presents in this situation the anterior opening of the foramen roiundui 
The medial half of the posterior border of the greater wing is non-articular a 
forms the anterior boundary of the foramen lacerum in the articulated skull, 
lateral half articulates with the petrous part of the temporal bone .and forms 
shallow groove inferiorly, the sulcus tubae in the articulated skull. The spine’ fits 
the angle between the petrous and the squamous parts of the temporal bone. T 
squamosal border articulates with the squamous part of the temporal bone. The ap 
of the greater wing is directed upwards and is thin, and bevelled at the expense 
of its inner surface. It articulates with the antero-inferior angle of the pariet 
bone at the pterion. The rough triangular articular area medial to the ap 
articulates with the frontal bone. 

Lesser Wings. The lesser wings of the sphenoid form two /triangular plat 
of bone which projects laterally on each side from the upper and anterior part of tl 
body. It is connected with the body by two foots which enclose between them ll 
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optic canal. It consists of superior and inferior surfaces and anterior and posterior 
borders. 

The superior surface is smooth and is continuous with jugum sphenoidale of the 
body. In the articulated skull it forms a part of the anterior cranial fossa and lodges 
the frontal lobe of the brain. . 

The inferior surface forms the superior boundary of the superior orbital fissure 
which is an oblique space between the greater and the lesser wings. The superior 
orbital fissure is bounded above by the undersurface of the lesser wing of the sphenoid, 
below by the medial margin of the orbital surface of the greater wing, laterally by the 
frontal bone in between the greater and the lesser wings and medially by the body of 
the sphenoid. The superior orbital fissure is divided into three compartments by the 
attachment of the annulus tendineus communis — the portion lateral to the annulus, 
the portion medial to the annulus and the portion within the annulus. 

Structures passing lateral to the annulus 

(From cranial to the orbital cavity). 

(1) Trochlear nerve. \ 

(2) Frontal nerve.v 

13) Lacrimal nerve. - 

(4) Lacrimal artery. 

(5) Orbital branch of the middle 
meningeal artery. 

From orbit to the cranial cavity — 

(6) Superior ophthalmic vein lying 
below the frontal nerve. 

(7) Recurrent meningeal branch of 
the lacrimal artery. 

Structure passing through supe- 
rior orbital fissure and lying within 
annulus ( from cranial to orbit ) 

(1) The two divisions of the ocu- 
lomotor nerve. ✓ 

(2) Nasociliary nerve — lying in be- 
tween two divisions of the ocu- 
lomotor nerve. 

(3) Abducent nerve — lying infero-medial to nasociliary nerve. 



Fig. 391. The position of annulus tendi- 
neus communis in relation to superior orbital 
fissure and the optic foramen. 


Structures passing medial to the annulus ( from orbit to cranium ) 

(1) Inferior ophthalmic vein. 

To summarise the structures passing through the superior orbital fissure may be 
arranged as follows: 


Structures passing from cranial to the orbital cavity 

(1) Oculomotor nerve. 

(2) Trochlear nerve. 

(3) Abducent nerve. 

(4) *171166 branches of the ophthalmic division of the trigeminal nerve (frontal, 
lacrimal and nasociliary). 

(5) The orbital branch of the middle meningeal artery. 

(6) Cavernous plexus of sympathetic. 

(7) Lacrimal branch of the ophthalmic artery. 

From orbit to the cranium — 

(1) Recurrent meningeal branch of the lacrimal artery. 

(2) . Superior and inferior ophthalmic veins. 

The inferior surface of the lesser wing is in relation to the sphenoparietal sinus 
posteriorly, and anteriorly, above the optic foramen, it gives origin to the superior 
oblique muscle of the eye ball medially and to the levator palpebrae superioris laterally. 
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The anterior border of the lesser wing is serrated and articulates with the pwv 
tenor border of the orbital surface of the frontal bone. I u posterior border is rounded 
and non-articular and fits into the lateral sulcus of the cerebral hemisphere w the recent stab. 

It ends medially into a bony 
projection known as the anterior 
clinoid process which gives' 
attachment to the free border cf, 
the tentorium cerebelli. Some-' 
times the anterior chnoid pro-, 
cess is long enough to fuse with 
the middle clinoid process and 
forms a foramen, the carotin- 
clinoid foramen , which, when 
exists, transmits the internal 
carotid artery. ^ 

Pterygoid processes. 
The sphenoid bone resembles 
a bat in appearance and the 
two pterygoid processes repre- 
sent the legs of the bat. Each 
descends downwards from the 
junction of the body with the 
greater sving and canusteoCWQ 
plates of bone, the lateral and 
the medial pterygoid lamina. 
Anteriorly, and above, dose to their fusion with the body of the sphenoid the 
two pterygoid plates encroach upon each other and fuse together to form a 
smooth triangular area which in the articulated skull forms the posterior boundary 
of the pterygo-palatine fossa. In this situation it presents the anterior opening 
of the pterygoid canal. Inferiorly, the anterior borders of the two pterygoid 
plates arc separated From each other by a triangular gap — the pterygoid fissure, 
the margins of which articulate with the tubercle of the palatine bone. Poste* 
riorly, the pterygoid plates diverge from each other and form a wedge-shaped 
fossa between them known as the pterygoid fossa. It is divisible into upper and 
lower areas. The lower area is deeper whereas the upper area forms a shallow 
depression known as the scaphoid fossa which is formed by the splitting of the upper 
part of the posterior border of the medial pterygoid lamina. The scaphoid fossa 
gives origin to tensor patati muscle. Supero-medial to the scaphoid fossa and in a line with 
the upper end of the posterior border of the medial pterygoid plate is a small tubercle, 
the pterygoid tubercle, which hides the posterior aperture of the pterygoid canal. The 
pterygoid canal transmits the pterygoid vessels and nerves. The pterygoid nerve i' 
formed by the union of the greater (superficial) petrosal nerve and the deep petrosa 
nerve from the carotid plexus of sympathetics. 

The lateral pterygoid plate consists of anterior and posterior borders and latera 
and medial surfaces. Its anterior border is non-articular in its upper part when 
it forms the posterior boundary of the pterygopalatine fissure/ in the articulated 
skull the lower part of the anterior border forms the lateral margin of the pterygoid 
fissure and articulates with the tubercle of the palatine bone. Its posterior bordci 
gives attachment to the pterygospinous ligament. Its lateral surface forms part o 
the infratemporal fossa and gives origin to the lower head of the lateral pterygoid muscle 
Its medial surface forms the lateral wall of the pterygoid fossa and gives origin to th< 
medial pterygoid muscle. 

The medial pterygoid plate is longer than the lateral and consists of anterior ant 
posterior borders and lateral and medial surfaces and the pterygoid hamulus. Th< 
lower end of the medial pterygoid plate curves laterally to form a hook-shapeji 
process known as the pterygoid hamulus which ghes attachment to the pterygomandi 
bular ligament and around it the tendon of the tensor palati muscle glides. Th< 
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itcrior border in mo3t of its extent articulates with the posterior border of the per- 
ndicular plate of the palatine bone; its lower part forms the medial margin of the 
erygoid fissure and articulates with the tubercle of the palatine bone. Its posterior 
irder gives attachment to the phatyngo-basilar fascia throughout its whole extent, 
id from its lower pari the superior constrictor muscle of the pharynx arises. Opposite 
its mid-point tt presents a projection known as the processus tubanus which supports 
c pharyngeal ena or the auditory (pharyngotympanic) tube. Its medial surface forms 
e lateral boundary of the posterior nasal aperture and is cover ed by muco periosteum. * 
ipcriorly the medial surface is prolonged to the undersurface of the body of the 
henoid as a thin lamina and is known as the vaginal process ivhich articulates in 
mt with the sphenoidal process of the palatine bone, and medially, with the ala of 
e vomer. Anteriorly, the inferior aspect of the vaginal process presents a small 
oovc which with the sphenoidal process of the palatine bone, is converted into a 
inal, the patatinO'Mginnl canal which transmits the phaiyngeal nerve from the spheno- 
ti latir.e ganglion and the pharyngeal branch from the maxillary artery. The superior aspect 
’the vaginal process together with the ala of the vomer forms a canal known as the 
mero-cagir.al canal. Its lateral surface forms the medial boundary of the pterygoid 
ssa and the tensor palati muscle lies against it. 


Sphenoidal concha. The sphenoidal concha covers the anterior and inferior 
tpects of the sphenoidal air sinus. It consists of an anterior, vertical, quadrilateral 
art and a posterior, horizontal, triangular part. The anterior vertical part consists of 
pper lateral depressed area which is filled up by the labyrinth of the ethmoid and its 
itcral margin articulates above with the orbital plate of the ethmoid and with the 
rbttal process of the palatine bone below. The posterior, horizontal, triangular 
art forms a part of the roof of the corresponding nasal cavity and complete the for- 
union of the sphenopalatine foramen in the articulated skull. Opposite to the 
icdian plane the two vertical plates fuse together to form the sphenoidal crest. 

Ossification. The sphenoid bone ossifies partly in the membrane and partly 
1 cartilage. Until lately before birth this bone consists of two parts, presphenoid and 
ostsphenoid. Hie pre- 
phenoid portion consists 
f lesser ivings and a 
ortion of the body that 
its in front of the tuber- 
ulum sellae, in other 
mrds the whole mass of 
mue that lira in .front of 
ubcrculum sellae. The 
jostshpcnoidal part lies 
lehind the level of the 
luberculum sellae and 
consists of the remaining 
portion of the body, the 
greater wings and the 

pterygoid processes. The fjg. 393- The developmental parts of the sphenoid bone. The 
body, the lesser wings blue portions ossify m cartilage and the rest in membrane, 
and the medial portions 

of the greater wings develop in cartilage while the rest of the bone with the 
exception of the pterygoid hamulus (which develops from cartilage) develop 
in membrane. The different elements of the bone ossify from 1 8 centres as follows 
and are amalgamated together by the 1 2th year to complete the formation of the bone. 

Body. The body of the sphenoid ossifies from 4 centres, two for the presphenoid 
part ana 2 for the postsphenoid part. The two centres for the presphenoid part, 
one on each side, appear at the eleventh week of foetal Jife while the two centres for 
the po3tsphenoid part, one on each side of the sella (urcica, appear during the fourth 
p month of intrauterine life and fuse together by the fifth month. The presphenoid 
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and the postspheuoid parts of the body fuse together about the eighth month t- 
intrauterine life but even after birth for a short while the line of fusion is marked by Um 
presence of a wedge-shaped cartilage at the lower part. 

Lesser [Kings. The lesser wings ossify from two centres, one for each nin«. 
which appear during the ninth week of intrauterine life at the lateral side of the optii 
foramen. The process of ossification spreads both ways and by the first year thn 
medial extension fuse together above the anterior part of the body to form an elevate 
smooth swelling known as the jugum sphenoidale. 

Greater Wings. Each of the greater wings ossifies from two centres, one for it 
medial part which is preformed in cartilage ancLone for its lateral part which is pte 
formed in membrane. Ossification begins in the medial part between the foramet 
rotundum and the foramen ovale by the eighth \v cek of intrauterine life. Ossificates 
in the lateral part also begins in the same time and extends downwards to form ut 
lateral pterygoid plate. During the first year after birth the greater wing fuses wi'l 
the body around the pterygoid canal. Two centres, one for each lingula, appea 
during the fourth month of intrauterine life and they soon fuse with the rest of th 
bone. * 

Medial pterygoid lamina. Each of the medial pterygoid plates except the pier; 
goid hamulus, develops in membrane and ossifies from one centre which appea 
during the ninth or tenth week of intrauterine life. The pterygoid hamulus is pp 
formed in cartilage which ossifies during the third month of foetal life. The mean 
and the lateral pterygoid plates fuse together by the sixth month of the foetal Ufc. 

*WA*SAT*«hWE« ‘ 



Tik- 394. The iphenoid bone at birtlv. Seen from behind. 


Sphenoidal concha ( Bone of Berlin). The sphenoidal concha begins to ossify during 
the fifth month of intrauterine life opposite the medial part of the cartilaginous 
cupula of the nasal capsule. At birth it is converted into bone either by extension 
of its single centre of ossification or by merging together of the different centres. 
During the fourth year the cartilaginous structure of the nasal "capsule gets absorbed 
and this absorption extends to the lateral and back part of the bony concha, thus 
the nasal mucous membrane from which the future sphenoidal air sinus develops 
comes into relation with the presphenoid and during this period the bone remains 
ankylosed with the posterior aspect of the ethmoid. By the twelfth year the concha 
gets fused with the sphenoid. 

Sphenoidal air sinus. Rudiments of the sinus appear during the third or fourth 
month of intrauterine life; at hirth the sinus forms a distinct small cavity; at five 
years it is of considerable size and then grows continuously till puberty when it 
assumes its maximum size. 
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N. B. During foetal life between the presphenoidal and postsphenoidal parts 
i ;anal known as the cranio-pharyngtal canal , the remains of the original cleft at the 
■ase of the skull, extends downwards through the sella turcica. It is through this 
anal that a pharyngeal diverticulum known as the Rathke’s pouch ascends upwards 
o form the anterior lobe of the pituitary body. 

THE TEMPORAL BONE 

The temporal bone occupies the sides as well as the base of the skull and 
ontains the organ of hearing and bears an articular fossa for the attachment of the 
jwer jaw. Anatomically it consists of squamous , mastoid, petrous and tympanic parts 
nd the styloid process. Morphologically the temporal bone consists of pelromastoid, 
he squamous and the tympanic , parts and the styloid process. Functionally the petro- 
nastoid develops as a protective capsule, the cartilaginous capsule, around the mem* 
iranous labyrinth of the internal ear; the squamous part develops in membrane 
5 a superadded element in the Iatcrat wall of the cranium to protect the larger 
wain in man. The tympanic part also develops in membrane as a ring of bone 
n connection with the external acoustic meatus and is specially designed to conduct 
he sound-wave in air medium. Phylogenilically the tympanic part is homologous 
vith the angular bone of reptilians and the bony fishes in whom it forms a part of the 
:omposite lower jaw. The styloid process of the temporal bone is a derivative of the 
econd visceral arch and has been integrated into it during its development. 

Squamous part. The squamous part of the temporal bone forms the ex- 
janded, thin, translucent portion of the bone and js placed in between the greater 
ving of the sphenoid below and in front, and the inferior margin of the parietal bone 
ibove and behind. It consists of temporal and cerebral surfaces, a zygomatic process, 
m articular fossa, and superior and antero-inferior borders. 

The temporal or external surface of the squamous part of the temporal bone 
'orms the greater part of the temporal fossa and gives origin to the temporalis muscle. 
\ vertical groove ascends upwards from opposite the upper part of the external 
icoustic (auditory) meatus and lodges The middle temporal vessels. A curved ridge 
mown as the jubramastoid. crest ascends upwards ana backwards from above the 
anterior part of the external acoustic (auditory) meatus and gives attachment to 
the temporal fascia and marks, 'the posterior boundary of the temporal fossa . The 
line of fusion between the squamous apd mastoid parts corresponds to a line about 
J an inch behind the supramastoid crest,. The auncularis posterior muscle arises from 
the middle of the space between the supramastoid crest find the line of the squamo- 
mastoid suture. Between the anterior end of the supraqiastoid crest and the postero- 
iuperior sector of the external acoustic (auditory) meatus there is a triangular 
depression knosm as the supramealal triangle which forms an important landmark 
for the tympanic antrum which lies at a depth of about $ an inch from the surface. 

A bony projection on the medial side of the suprameatal triangle is known as the 
supramealal spine. 

The cerebral or internal surface of the squamous part is concave and is 
marked by irregular impressions for the temporal gyri and presents grooves for the 
middle, mcointriril vessels. Inferiorly the cerebral surface joins with the petrous part 
and the remUtnimthepetrosquamosal suture may be found in some adult bones. 

The zygomatic process of the temporal bone forms an elongated bony process 
which articulates with the te mporal process of th r-zygomatie hone and, romp! 
the zygomatic arch— I t consists of two roots and an elongated thin anterior part. 
The roots ol the zygomatic process ate anterior and posterior and they converge to 
meet at a point to form a tubercle known as the t ubercle of the root of the zygoma w inch 
gives-a itachment to the temp o romandibular ligament . _ At the tubercle the processes 
twisted and the thin anterior " parriprojects forwarusTrom it. The anterior root of the 
; 31 ' zygoma projects horizontally laterahvardsjmd its inferior surface is convex and smooth. 
& It forms a thickened bar of bone in front of the articular fossa and is known as the 
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articular eminence. It articulates with the mandibular condole by the intervention^ 
an articular disc. In front of the articular eminence there is a small triangular am 



Fig. 395. The pgbt temporal bone. External aspect, 
which forms the roof of the infratemporal fossa. Anteriorly this triangular area 
limited by a ridge which is continuous behind with the anterior root of the zygoi 



and in front, in the articulated skull, with the infratemporal crest on the greater wi 

of the sphenoid. _ The posterior root inclines downwards and forwards and it is cc 

tinuous behind with thesupramastoid crest and in front with the superior bord croft 
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thin anterior part of the zygoma. The thin anterior part of the zygomatic bone con* 
sists of a convex lateral surface and a concave medial surface, a thin superior border, 
an arched inferior border and a serrated anterior extremity. Its lateral surface is 
subcutaneous. Its medial surface close to its lower border gives origin to some of 
the fibres of the masstlcr muscle. The superior border gives attachment to temporal 
fascia, while the inferior border gives origin to the masseler muscle. The serrated 
anterior extremity articulates with the temporal process of the zygomatic bone and 
completes the zygomatic arch. Very rarely the squamous part of the temporal bone 
may present a foramen immediately above the anterior root of the zygomatic process 
and is known as t he squamosal foram e n which transmits the petrosquamous sinus. 

Mandibular fossa. The mandibular fossa of the temporal bone is formed partly 
by the squamous part and partly by the tympanic part. It consists of an articular 
part formed by the squamous part of the temporal bone and a rum-articular pari formed 
by the tympanic part of the bone. The articular part is deeply concave and is 
bounded in front by the convex articular emience and articulates with the condyle 
of the mandihlc with an intervening articular disc to form the temporo-mandi- 
bular joint. The non-articular portion is occupied hv a portion of the .p arotid 
gland. Laterally the articular part Is separated from the non-articular or the tympanic 
parPby a conical eminence known as the poslglenoid tubercle. The postglenoid 
tubercle is well-developed in some mammals in whom it projects downwards behind 
the head of the mandible and thus prevents the backward displacement of the latter. 
Medially the articular part is separated from the tympanic part by a fissure known 
as the stpiamoljmpank fissure. The downtumed anterolateral portion of the legmen) 
tympani projects into this fissure and subdivides it into petrotympanic and pelro- 
stjuamosal fissures. The petrotympanic fissure communicates with the tympanic 
cavity and lodges the anteior ligament of the malleus and transmits the anterior tympanic 
branch of the maxillary artery. The medial end of the petrotympanic fissure presents 
a small opening known as the anterior canaliculus for the ckroda tympani nerve and gives 
exit to the same nerve. " 

The superior border of the squamous part articulates with the inferior border of the 
parietal bone. The anteroinferior border articulates with the greater wing of the sphe- 
noid. 

Mastoid part. The mastoid portion of the temporal bone occupies the pos- 
terior part of the temporal bone and is thicker in consistency than the squamous part. 
It presents an external surface, an internal surface, a mastoid process and superior 
and posterior borders. 

The external surface of the mastoid part is convex and antero-inferiorly it 
forms a conical projection known as the mastoid process. The external surface of the 
mastoid part including the mastoid procea. gives origin to auricularis posterior and 
occipital belly of the occipitofrontalis and insertion to sternocleidomastoid, splenitis capitis and 
longissimus capitis in order from above downwards and forwards. The mastoid notch 
on the medial aspect of the mastoid process and the portion of the bone below it 
gives origin to the posterior belly of the digastric muscle. Below the digastric or mastoid 
notch the external surface is marked by a groove which lodges the occipital artery. 
Below the groove for the occipital artery and close to the posterior border there is a 
foramen, the mastoid foramen, which transmits an emissary vein connecting the sig- 
moid sinus with the posterior auricular vein and a small branch of the occipital artery 
which enters into the cramtum to supply the duramater. The situation of the mas- 
toid foramen is constantly variable. 

* The cerebral or internal surface of the mastoid part is marked by a deep 
curved groove which lodges the sigmoid sinus. The mastoid foramen opens into its 
floor. 

The superior border of the mastoid part is thick, short and serrated and articulates 
with the postero-inferior part of the parietal bone. It forms a notch with the sup- 
erior border of the squamous part. Its posterior border is also thick and serrated and 
articulates with the inferior border of the occipital bone. 
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Section of the mastoid part. If we make a section through the mastoid par 
it is found to contatn a number of irrcgularspaces known as the mastoid air cells 
Situated at its upper and anterior part and lying partly in the petrous part there h< 
large irregular space known as the mastoid or tympanic antrum . It is bounded in front b] 
the epitvmpanic recess by means of which it communicates with the tympanic cavity 
behind by the mastoid air cells, laterally by that portion of the squamous part ofthi 
temporal bone which lies below the supramastoid crest (supramcatal triangle 
and medially by the lateral semicircular canal of the internal car. The roof i 
formed b\ legmen tympani. 

Petrous part. The petrous part of the temporal bone forms a cylindrical p« 
cess of bone which is wedged between the greater wing of the sphenoid and thcoec 
pital bone at the base of the skull. It consists of a base, an apex, three surfaces an 
three borders. 1 is surfaces are anterior, posterior and inferior and its borders at 
superior, posterior and anterior. The base is fused with the squamous and th 
mastoid parts and the apex articulates with the petrosal process of the sphenoid. I 
is directed upwards, forwards and medially. 

The anterior surface of the petrous part is continuous with the cerebral surfat 
of the squamous part and is marked by irregular impressions for the temporal Iobej 
the brain. In the articulated skull it forms the part of the floor of the middle crani; 
fossa. Immediately behind the apex this surface presents a depression known as th 
trigeminal impression and lodges the semilunar ganglion of the trigeminal nerve. Th'- 
greater superficial petrosal nerve and the motor root of the trigeminal ganglion intervene 
between the floor of the trigeminal impression and the ganglion. Behind the tn* 
geminal impression and separated from it by an irregular ndge is a second hollow or 
depressed area which roofs in the internal auditory meatus and covers the cochlea. 
Behind this there is an irregular eminence known as the arcuate eminence and is formed 
by the superior semicircular canal of the internal ear. Its lateral part overlies the 
* vestibule and the facial canal whereas its posterior part is formed by the posterior 
and lateral semicircular canals of the internal ear. Between the arcuate eminence 
and the two hollows on die medial side and the squamous part on the lateral side 
there is a thin plate of bone known as the legmen tympani which forms the roof of the 
tympanic antrum, tympanic cavity and the canals for the tensor tympani and the 
auditory (pharyngotympanic) lube. Laterally the tegmen tympani is bent on itself 
and descends downwards on the medial side of the squamous part and forms the 
lateral wall of the auditory tube. Its anterolateral portion projects into the squa* 
motympanic fissure. On the anterior part of the tegmen tympani there is a faint 
groove which leads posteriorly into an opening, the hiatus for the greater superficial 
petrosal nerve and transmits the same nerve. Lateral to this hiatus there is another 
foramen which transmits the lesser superficial petrosal nerve from the tympanic plexus. 

The posterior surface is continuous with the inner surface of the mastoid 
portion and forms the anterior part of the posterior cranial fossa in the articulated 
skull. Opposite to the middle of this surface there is a circular aperture which leads 
into a canal, the internal acoustic { auditory ) meatus which extends laterally for about 
1 cm. It gives entrance to the facial nerve and the internal auditory artery, branch of 
the posterior cerebellar or basilar artery, and exit to the slatoacoustie (auditory) nerve 
and the internal auditory vein which ends in the inferior petrosal sinus. Behind 
this is a slit under cover of a thin plate of bone which leads to the aqueduct 
of vestibule and lodges the saccus and the ductus endolympkaticus together with a small 
vein and an artery. Above and between these two openings and situated more on the 
superior border is an irregular depression known as the subarcuaU fossa which 
transmits a small vein and lodges a process of duramater. 

Internal auditory meatus. It is a short, roughly horizontal or transverse canal 
measuring about 1 cm. or 1 0 mm, in length and from 3 to 5 mtn. in diameter and is 
situated in the middle of the posterior surface of the petrous part of the temporal 
bone. At the lateral end or the canal is a perforated plate of bone which constitutes 
Vts bottom or the fundus and forms the medial wall of the internal ear and is situated 
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roughly opposite the external acoustic (auditory) meatus. It gives entrance to the 
motor root of the facial nerve and the internal auditory artery, a branch of either 
basilar or the posterior cerebellar artery, and exit to sensory root of the facial 
nerve, the stato-acoustic (auditory) nerve, and the internal auditory vein which 
terminates into the inferior petrosal sinus. 

The bottom or the fundus of the internal auditory meatus is a perforated plate 
of bone and presents a transverse crest which divides it into an upper and a lower 
area. In the anterior part of the upper area there is large single opening, the 
commencement of the facial canal, for the transmission of the facial nerve. The area 
posterior to this is called the superior vestibular area in which there are numerous 
small foramina for the transmission of the nerves to the utricle and to ampullae of the 
superior and lateral semicircular ducts. The anterior part of the inferior or the lower 
area is called the cochlear area which corresponds with the base of the cochlea. In 
the cochlear area there is a central canal around which there is a spiral tract with 
foramina known as the tractus spiralis Joraminosus ; the former transmits the nerves to 
the apical coil of the cochlea while latter transmitting the nerves for the rest of the 
cochlea (basal and middle coils). Behind the cochlear area is the inferior vestibular 
area which is perforated by foramina for transmission of the nerves of the saccule. 
Behind the inferior vestibular area is foramen, the foramen singulare which transmits 
the nerves to the ampula of the posterior semicircular duct. 

Facial canal. The facial canal begins from the anterior part of the superior fossa at the bottom of 
the internal auditory meatus in front of the Superior vestibular area. It then passes forwards and 
laterally for a distance of 1,5 to 2.0 mm. above the vestibule of the internal ear and reaches the medial 
wall of the tympanic cavity and then turns abruptly backwards (the genu) and runs in a horizontal 
ridge on the medial wall of the tympanic cavity. At the point where it turns abruptly backwards the 
canal becomes dilated to accom- 
modate the geniculate ganglion. 

In the tympanic cavity it lies in 


immediately above the fenestra 
vestibuli and extends as far back- 
wards as the medial wall of the 
epitympanic recess (through which 
the tympanic cavity communicates 
with the tympanic antrum) and 
lies immediately below and in 
contact with the bony canal For 
the lateral semicircular canal. The 
facial canal then turns downwards 
and lies in the angle between the 
medial and posterior walls of the 
tympanic cavity and finally it 
terminates at the stylomastoid 
foramen. 

The canal is traversed by the facial nerve and its walls present numerous foramina for the passage 
of the branches of the facial nerve and other nerves communicating with it. At the genu the canal 
presents a foramen through which the greater superficial petrosal nerve exits and a branch from the 
middle meningeal artery enters into it. In the vertical part of its course it presents another opening 
which pierces through pyramidal eminence and close to it there lira the opening for the auricular 
branch of the vagus which communicates with the facial nerve. Close to its termination at the stylomas- 
toid foramen the canal is pierced by the opening of the posterior canalicullus for (he chorda tympanic 
nerve. 

The inferior surface of the petrous part is irregular and is outside the cranial 
cavity and looks downwards. Close to the apex is a quadrilateral rough area which 
is divided into upper, middle and lower parts: the upper part gives origin to levator 
palali muscle; the middle area is in contact with the cartilaginous portion of the 
pharyn go-tympanic tube; the lower area forms an articular edge which articulates 
with the basilar part of the occipital bone by means of some dense fibrous tissue. 
Behind the quadrilateral area is a circular opening, the lower opening of the carotid canal 
and transmits internal carotid artery with its plexus of sympathetic nerves. Behind 
the carotid opening is a deep depression known as the jugular fossa and lodges the 
superior bulb of the internal jugular vein. On the ridge separating the jugular 


the angle between ns medial wall 
and the tegmen tympani and 



Fig. 397. The bottom of the internal acoustic meatus. 
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fossa and the carotid opening is a small aperture known as the tympanic e anaticulut ( 
and transmits the tympanic branch of the glossopharyngeal nerve. Immediately, 
below the Internal auditory meatus and in front of the medial part of the jugular 
fossa is a triangular depression which lodges the inferior ganglion of the glossopharyngeal 
nerve. At its apex th ere is a foramen which corn guipjc atcs with the cochlear c anali- 
c ulus anu~kidges~rmr~ aqueduct of the o)chlH^a xid-a^>rt<c^ ol dura^n3i£r and 
transmits a small vein frourttic cochlea which opens into thefnternal— jugular^ vcm. 



Through the aqueduct of the cochlea the perilymph of the labyrinth is enabled to • 
drain into the sub-arachanoid space. Behind the jugular fossa is a small quadri- 
lateral articular surface known as the jugular surface and articulates with the jugular 

S irocess of the occipital bone. On the lateral wall of the jugular fossa is a minute 
oramen, the mastoid canaliculus which transmits the auricular branch of the vagus 
nerve. Behind the jugular surface is a slender process of bone known as the styloid 
process which projects dawnwards and ends in a pointed extremity'. It measures 
about an inch in length and gradually narrows from its base to its apex. It gives 
origin to the styloid group of muscles and attachment to the stylohyoid and stylo- 
mandibular ligaments. The styloid group of muscles are styloglossus, stylohyoid 
and stylopharyngeus. The styloglossus arises from its anterior aspect close to Its 
tip, the stylohyoid arises from middle of its posterior-aspect and the stylopharyngeus 
arises from its medial aspect close to its base. The stylohyoid ligament is attached 
to its tip. Its lateral aspect gives attachment to the stylomandibular ligament. 
The stylohyoid and the stylomandibular ligaments are formed by the deep cervical 
fascia. Lateral to the styloid process is a curved plate of bone formed by the 
tympanic part which forms a sort of sheath for the styloid proccss"and is known as 
the sheath of the styloid process.. Behind the styloid process is a foramen, the stylo- 
mastoid foramen which gives exit to the facial nerve and entrance to the stylomastoid 
branch, of the posterior auricular artery. 
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The superior border of the petrous part is its longest border and presents a narrow 
groove which lodges the superior petrosal sinus and the margins of the groove give 
attachment to the tentorium eerebelli. The posterior border is smaller than the superior 
border hut larger than the anterior border. It presents a partial groove which forms 
a complete one with a similar groove on the basilar part of the occipital bone and 
lodges the inferior petrosal sinus. The anterior border is divided into two parts, a 
lateral and a medial part; the lateral part joins with the squamous part at the 
petro-squamosal suture and its medial part articulates with the greater wing of the 
sphenoid. 

Tympanic part. The tympanic part of the temporal bone forms a plate of bone 
in the adult which is interposed between the squamous and the mastoid parts. In front 
it ioins with the squamous part at the squamotympanic fissure, and behind, it joins 
with the mastoid process at the tympano-mastoid fissure through which the auricular 
branch of the vagus nerve comes out. Internally it is fused with the petrous part of the 
temporal bone. It consists of two surfaces and three borders. 

The anterior surface is more or less quadrilateral in shape and is gently concave. 
It forms the posterior non-articular part of the mandibular fossa and lodges a portion 
of the parotid gland. 

The posterior surface is concave and forms the greater part of the circumferential 
boundary of the external acoustic (auditory) meatus. It forms the anterior and 
part of the posterior wall and the floor of the external acoustic (auditory) meatus. 
The medial part of this surface is marked by a circular sulcus, the tympanic sulcus , 
which gives attachment to the tympanic membrane. 

The lateral margin of the tympanic part forms the circumferential margin of the 
bony external ear and gives attachment to the cartilaginous part of the external ear. 
Its superior border meets with the squamous 
part medially at the squamotympanic fissure 
and with the postglenoid tubercle laterally. 

Its lower border extends from the carotid canal 
to the styloid process. The lateral part of 
this border enshcathes the styloid process and 
is known as the sheath of the styloid process. 

Ossification. Developmentally the 
temporal bone consists -of 4 parts namely, 
squamosal, tympanic, petro-mastoid and hyal. 

The squamosal and the tympanic parts deve- 
lop in membrane while the petrosal and hyal 
parts develop in 'cartilage. At birth the four 
elements of the bone are easily separable 
from one another and the squamosal part 
represents the squama, zygomatic process 
and a small portion of the mastoid, the 
tympanic part representing the incomplete 
tympanic ring, the petrosal part representing 
the petrous and mastoid parts, and the hyal 
part representing the styloid process; the 
tympanic part being represented only by the 
incomplete ring the bony external auditory 
meatus is not formed and the tympanic 
membrane lies only on the surface of the 
bone; the mastoid process has not formed 
and the styloid process is cartilaginous except 
its embedded portion which is bony. The 
bone gradually develops in the process of ossification from the following centres of 
ossification. 

Squamosal part. This part ossifies in membrane from one centre which appears 
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during the later part of the second month ofintrauterine life at the root of the zygo- 
matic process and fiom these the ossification proceeds forwards to the zygomatic 
process, upwards to the squamosal part, niedialwards to the articular part of tin* 
mandibular fossa and downwards and backwards to form the lateral wall .of the tym- 
panic antrum and the antcro-superior part of the mastoid. The portion of bone 
which grows downwards and backwards below the supramastoid crest from lire 
squama is called the postaiiditorj process. 

Tympanic part. This also ossifies in membrane and the process of ossification 
starts as early as the third month ofintrauterine life. At birth it forms an incomplete 
ring (5/6 of a circle) the extremities of -which arc ankylosed to the squamous part. 
The future tympanic plate is formed by outward growth of the tympanic ring wh’ch 
also results in the formation of the bony external auditory* meatus. 

Petrosal pari. The petrosal part develops in cartilage and ossifies from four 
centres, opisthotic, pro-olic, pterohe and epiotic, wliich appear during the fifth month cl 
intrauterine life. 

Opisthotic centre. This centre appears first of all and extends from the promon- 
tory on the medial wall of the tympanic cavity and forms the floor of the tympanic 
cavity and the internal auditory meatus and part of the medial wall of the tympanic 
cavity together with the floor of the vestibule and most of the bony cochlea and the 
carotid canal. I 

Pro-olic centre. This centre of ossification appears in the region of arcuate ■ 
eminence and from it are formed the bony superior semicircular canal, roof of internal . 
auditory meatus, vestibule and the cochlea and a portion of the mastoid part, in 
fact, the tv hole mass of bone on the anterior surfjee of the petrous part extending 
from the apex to the mastoid part develops fiom its centre. 

Plerotie. This is a small centre which gives rise to the formation ofbony lateral 
semicircular canal and the tegmen tympani. 

Epiotic. This centre forms the greater part of the mastoid and the bony pos- 
terior semicircular canal. 

Hyal part. The hyal part or the styloid process develops from the cranial end 
of the second arch cartilage and ossifies from two centres, tjmpano-hjal and stylohyal. 
The tympanohyal centre appears during the later part ofintrauterine life and forms 
the basal part of the process which is embedded within and soon fuses .w*ith the tym- 
panomastoid. The stylohyal centre appears during the fust or the second year of 
life and forms that portion of the process which projects outside. The tympanohyal 
and the stylohyal parts are fused together nearly during middle life. 

THE ETHMOID BONE 

The ethmoid bone is situated in the anterior part of the cranium below die eth- 
moidal notch of the frontal bone. It is exceedingly light and fragile in consistency. 
In die articulated skull it forms die roof, lateral wall and die septum of the nose, medial 
wall of the orbit and part of the floor of the anterior cranial fossa. It consists of a 
horizontal cribriform plate , two lateral masses or labyrinths which are joined together 
by the cribriform plate and a perpendicular plate which descends downwards from the 
undersurface of the cribriform plate. 

Cribriform plate. The cribriform plate is so named because it is perforated by 
numerous foramina and is comparable to a seive. It fills up the ethmoidal notch of 
the frontal bone and joins on either side with die labyrinth or the lateral mass. It 
has an upper and a lower surface and four borders, namely, anterior, posterior and 
two lateral. A smooth triangular process known as the crista galli (having its resem- 
blance to a cock’s comb) projects upwards from the anterior part of the superior 
Surface opposite the median plane. Anteriorly the crista galli forms two projeedng 
alae which articulate with the frontal bone and completes the foramen caecum which 
transmits an emissary vein connecting the superior sagittal sinus with the veins of the 
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nasal fossa. Posteriori)’ its free border gives attachment to the anterior part of the 
falx cerebri. On its either wall it forms a bulging due to a contained air cell within. 
On either side of the crista galli the superior surface presents a narrow depressed area 
which lodges the gyrus rectus and the olfactory tract and is perforated by series of 
foramina which are arranged in three rows — lateral, medial and intermediate. The 
lateral group of foramina transmit the olfactory nervrs from the lateral wall of the nasal 
cavity, the medial group transmitting the olfactory nerves from the septum of the 
nose and the intermediate group transmit the nerves from the roof of the corrcspon* 
ding nasal cavity. On each of the side of the anterior end of the crista galli there is a 
slit-like aperture which lodges a process of dura mater. Lateral to this there is a 



I’ig. -100. The cihmoid bone. Viewed from abc\e and behind. 

small foramen which transmits the anterior ethmoidal vessels and nerves. A faint 
groove passes backwards from this foramen along the upper surface of the labyrinth 
to meet a transverse groove on the same surface. When the labyrinth articulates 
with the ethmoidal notch of the frontal bone this transverse groove together with 
a similar groove on the margin of the ethmoidal notch of the frontal bone is converted 
into a canal, known as the anterior ethmoidal canal. The posterior border of the 
cribriform plate articulates with the ethmoidal spine of the sphenoid bone. The 
perpendicular plate of the ethmoid descends downwards from opposite the median 
plane of its inferior surface. On either side of the median plane its inferior surface 
torms the roof of the corresponding nasal cavity. Its lateral margins fuse with the 
labyrinth on either side. Its anterior border is occupied by the projecting alae of the 
crista galli. 

Perpendicular plate. The perpendicular plate of the ethmoid is a thin, 
quadrilateral piece of bone that projects downwards from the undersurface of the 
cribriform plate. It forms the main part of the bony septum between the two 
nasal cavities and consists of four borders. The anterior border is slightly oblique in 
direction and articulates with the nasal spine and the crest formed by the two nasal 
bones. The posterior border articulates with the sphenoidal crest above and with the 
vomer below. Its inferior border gives attachment to the septal cartilage of the nose. 
The superior border fuses with the undersurface of the cribriform plate. Its surfaces 
are lined by muco-periosteum and its upper part presents a series of short grooves 
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which lodge the olfactory nerves that pass through the medial group of foramina 
on the cribriform plate. 

Labyrinth. The labyrinth or the lateral mass of the ethmoid consists of two 
vertical plates of bone and interposed between them arc the three groups of this 
walled ethmoidal air cells — anterior, middle and posterior. 



Each labyrinth has six surfaces, namely, anterior, posterior, superior, inferior, 
lateral and medial. The anterior surface of the labyrinth articulates with the frontal 
process of the maxilla and the lacrimal bone. The posterior surface articulates with 
the sphenoidal concha. The superior surface articulates with the margins of the 
ethmoidal notch of the frontal bone. The inferior surface articulates with the orbital 
surface of the maxilla in front and the orbital process of the palatine bone behind. 
The lateral surface is formed by the Lateral plate and is thin, smooth and quadri- 
lateral in shape and is better known as the orbital plate because it forms the medial 
wall of the orbital cavity. 

The orbital plate articulates in front with the lacrimal bone, behind with the 
sphenoidal concha, below with the medial margin of the orbital surface of the maxilla 
in front and the orbital process of the palatine bone behind. 

The medial surface of the labyrinth is formed by a vertical plate of bone which • 
■iiraewrift thrrrttfi -pan^rth \o I'lie -pcrucirfocdcn -j/nfit:. Vi instenfa isvwu- 

wards and ends below into a convoluted or curved margin with a concavity on the 
lateral side. The convoluted portion of the bone is known as die middle nasal conchi t 
whereas the concave space on its lateral side constitutes the middle meatus of the nose. 
Descending downwards and backwards from the anterior end of the labyrinth and 
projecting into the middle meatus of the nose is a thin curved piece of bone known 
as the uncinate process which articulates with the ethmoidal process of the inferior nasal 
concha and helps in the closure of die maxillary air sinus. A rounded swelling 
projects into the middle meatus from the medial side and is known as the bulla 
ethmoidalis and is caused by the middle ethmoidal air cell. The middle and the 
anterior ethmoidal air cells, the maxillary air sinus and the frontal air sinus open into the middle 
meatus of the nose. The frontal air sinus opens into it through fronto-nasal duct via 
the infundibulum. 

At the posterior end of the labyrinth there is a fissure known 33 die superior 
meatus of the nose which is bounded above by a curved thin plate of bone known as 
the superior nasal concha. The posterior ethmoidal air sinus opens into the superior meatus. 
The sphenoidal air sinus also opens into it at die spheno-cthmoidal recess. 
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Ossification. The ethmoid bone develops in cartilage from the cartilaginous 
r nasal capsule. It ossifies from three centres, one for each of the labyrinths and one 
for perpendicular plate. During the fifth month of intrauterine life ossification 
begins in the region of the orbital plate and then extends downwards and inwards to 
' form the superior and medial nasal conchae and at birth the labyrinth becomes 
!! almost osseous. During the first year oflife ossification begins in the perpendicular 
plate in the region of the crista gatli and from this the ossification spreads upwards into 
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Fig. 402. The ethmoid bone. Viewed from below and behind. 

: the crista galli, downwards into the perpendicular plate and sidewards into the 
: cribriform plate. Extension of ossification from the labyrinth mediahvards also 
: helps to form the cribriform plate, thus the cribriform plate is formed by extension 
of ossification both from die labyrinth as well as from the perpendicular plate. The 
two labyrinths and the perpendicular plate fuse together during the fifth year oflife. 
The ethmoidal air sinuses begin to form during intrauterine life and by the third year 
of life they acquire osseous boundary. 

THE LACRIMAL BONE 

The lacrimal bone is the smallest and most fragile of ail the cranial bones and 
lies in the anterior part of the medial wall of the orbit. It consists of lateral and 
medial surfaces and anterior, posterior, superior and inferior borders. Its lateral 
surface presents a ridge known as the posterior lacrimal crest which ends below into 
a hook-like bony projection called the lacrimal hamtclus. In front of the posterior lacrimal 
I crest there is a vertical groove, the lower part of which descends downwards beyond 
[ the rest of the bone and is known as the descending process . Its medial surface presents 
a vertical groove corresponding to the ridge on the lateral surface and this groove 
divides the medial surface into a smaller anterior part and a larger posterior part. 
All of its borders are articular. 

The posterior lacrimal crest gives attachment to the lacrimal fascia through- 
out its whole length and close to its middle part it gives origin to the lacrimal head of 
the orbicularis oculi. The groove in front of the crest is roofed by the lacrimal fascia 
which passes forwards to be attached to the anterior lacrimal crest on the frontal 
process of the maxilla. This groove together -with the vertical groove behind the 
anterior lacrimal crest of the frontal process of the maxilla forms a shallow groove, 
the fossa for the lacrimal sac which lodges the lacrimal sac. The lower part of the 
groove is prolonged downwards along the descending process and forms a part of 
the nasolacrimal canal which transmits the nasolacrimal duct. The portion of the 
23 
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lateral surface behind the crest forms the anterior part of the medial wall of tk 
orbit. The lacrimal hamulus completes the lateral boundary of the upper opeiufij 
of the nasolacrimal canal. The lacrimal hamulus sometimes exists as a sepantr 
bone and is known as the lesser lacrimal bone. ' 

The area in front of die vertical groove on the medial surface forms a part of tk 
middle meatus of the nose while the area behind it covers the anterior ethmoidal ar 
cells. 


ARTrCOtATfS WiTH GROOVE FOR 

NASAL NOTCH OF FRONTAL BONE LACRIMAL SAC 



Fig 403 The left lacnmal bone; internal Fig. 404. "Hie left lacrimal bone; extowl 
aspect arpeet. 

Articulations. (1) Its anterior border articulates with the posterior border 
of the frontal process of the maxilla. (2) Its posterior border articulates with the 
anterior border of the orbital plate of the ethmoid. (3) Its superior border articulates 
with the nasal notch of the frontal bone. (4) Its inferior border articulates with the 
medial margin of the orbital surface of the maxilla. (5) The descending process by 
Us tip articulates with the lacrimal process of the inferior nasal concha and by W 
margins with the margins of die nasolacrimal groove. (6) The lacrimal hamulus 
by its tip articulates with the lacrimal tubercle on the orbital margin of the ma»lb. 

Side determination. Hold the bone in such a way that the groove on the 
lateral surface lies in front of the ridge. The descending process projects down- 
wards or the lacrimal hamulus projects forwards and medially from the lower part 
of the ridge and die latter will determine the side to which the bone belongs. 

N. B The lacrimal fascia b nothing but the orbital perienteum which after being attached.® 
the tyottfrJnr. hrr.<jn!d-rxrsS.hr.<iS}^f.nyAr. •brJxtx<ma]. virl’A attached. aotrrjnrjv tn.»he. anJtTtot 

lacrunal crejt on the frontal p roc cm or the maxilla. 

Ossification. The lacrimal bone develops in membrane and ossifies from 
one centre which appears during the third month of intrauterine life, 

THE INFERIOR NASAL CONCHA 

The inferior nasal conchae are two curved laminae of bones, each of which 
occupies the lateral wall of the corresponding nasal cavity. Each bone consists of 
two surfaces, two liorders, two ends and three processes. Its surfaces are medial 
and lateral, borders are superior and inferior, ends are anterior and posterior and 
processes are lacrimal, etlimoidal and maxillary. 

The medial surface is convex and is marked by numerous vascular foramina. 
The lateral surface is concave. The superior border is articular both in front and behind 
and in the intermediate portion it holds three processes— lacrimal, ethmoidal and 
maxillary. The anterior articular portion of the superior border articulates with the 
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* conchal crest of the maxilla. The posterior articular portion articulates with the 
"** conchal crest of the palatine bone. The lacrimal process is projecting upwards irttme- 
MiateJy behind the anterior articular portion and articulates with the descending 
process of the lacrimal bone by its tip and by its margin with the margins of the 


ITHMOlOAL PROCtSS 



nasolacrimal groove. The ethmoidal process lies behind the lacrimal process and 
forms an irregular process which projects upwards and articulates with the uncinate 
1 process of the ethmoid bone. The maxillary process curves on the lateral surface 
and closes a considerable portions of the maxillary air sinus; by its anterior margin it 
articulates with the margin of the maxillary air sinus and by its posterior margin it 
> articulates with the maxillary process of the palatine bone. The inferior border 
• is non-articular and rounded. Both the ends are pointed but the posterior end 
i is more tapering. Both the surfaces of the inferior nasal concha are covered by 
: muco*pcriosteum. 


’ 



Fig. 406. Tlic medial aspect of the right inferior nasal concha. 


Side determination. Hold the bone in such a way that its more tapering 
posterior end looks backwards, the superior border carrying processes looks upwards, 
the lacrimal process projects upwards from the anterior part of the intermediate 
portion and the concave lateral surface will determine the side to which the bone 
belongs. 

Ossification. The inferior nasal concha develops in cartilage from the in- 
curved lower border of the lateral wall of the cartilaginous nasal capsule. It begins 
to ossify from one centre during the fifth month or intrauterine life and as the process 
of ossification continues it becomes separated from the cartilaginous nasal capsule « 
and forms the individual bone. 
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THE NASAL BONE 

The nasal bones are two small bones which are placed side by side between 
the frontal processes of the two maxillae and by their articulation form the bridge 
of the nose. They vary in sire and form and are responsible for the general contour 
of the nose. Each nasal bone has 
an external and an internal sur- 
face, and a medial, a lateral, a 
superior and an inferior border. 

The external surface is smooth 
and concavo-convex and is co- 
vered by procerus and compressor 
naris. It presents a foramen near 
its centre for the exit of a vein 
from the nasal fossa. The internal 
surface is concave and is traversed 
by a groove which passes from 
above downwards and lodges the 
anterior ethmoidal nerve. 

The superior border b the 
thickest and the shortest of all 
and is articular. It articulates 
with the nasal notch of the frontal 
bone, The inferior border is very 
thin and articulates with the 
lateral cartilage of the nose. It 
presents a notch which is converted 
into a foramen by articulation 
with the lateral cartilage of the 
nose and transmits the external 
nasal nerve. Its medial border is thicker above than below and its upper pari 
projects backwards as a thin edge. It articulates with the fellow of Its opposite 

side and forms a crest which pro- 
jects backwards and articulates, 
from above downwards, with the 
nasal spine of the frontal bone, 
perpendicular plate of the ethmoid 
and the septal cartilage of the 
nose. Its lateral border articulates 
with the frontal process of the 
maxilla. 

Side determination. Hold 
the bone in such a way that the 
thickest and the shortest superior 
border looks upwards, the thick 
medial border Looks medially and 
the projecting edge from its upper 
part looks backwards and the 
concavo-convex, smooth lateral 
surface will determine the side to 
which the bone belongs. 

Ossification. Each nasal 
bone develops in membrane and ossifies from one centre which appears during 
the third month of intrauterine life. 


GROOVE POR ANTERIOR ETHMOIDAL NERVE 



SUPERIOR 8OR0ER POR NASA! 



LOCOMOTOR SYSTEM 357 

THE VOMER 

The vomer is a thin, flat and an irregularly quadrilateral-shaped bone which 
occupies the median plane and forms a part of the bony nasal septum. It consists 
or four lx>rdcre, two surfaces and a pointed end. Its borders arc superior, inferior, 
anterior and posterior. On cither side its surfaces form the medial wall of the corres- 
ponding nasal cavity. 

The sup friar border is broad and expanded and splits into two projecting alae. 
Between the two projecting alae it forms a fissure which articulates with the rostrum 
of the sphenoid and the articulation thus formed is a variety of fibrous joint and is 
known as jehiadjlesis. The margin of each projecting ala articulates from before 
backwards with the sphenoidal concha, sphenoidal process of the palatine bone 
and with the vaginal process of the medial pterygoid lamina of the sphenoid. The 
inferior border articulates with the nasal crest formed by the two maxillae and the 
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two palatine bones. The anterior border articulates with the peipendiculav plate of 
the ethmoid above and with the septal cartilage or the nose below. The posterior 
border is short and non-articular and forms the medial boundary of the posterior nasal 
aperture. The tip or the pointed apex of the vomer fits into the incisor crest of the 
maxillae and divides the incisive canal into two compartments. Each of its surfaces 
is marked by a longitudinal groove for the nasopalatine (long sphenopalatine) 
vessels and nerves. 

Ossification. The vomer develops in membrane which surrounds the postcro- 
inferior part of the cartilaginous septum during intrauterine life. It ossifies from 
two centres which appear during the eighth week of foetal life, one on each side 
of the median plane. During the third month of intrauterine life the two centres 
fuse together below the cartilaginous septum and thus a bilaminar bone is formed 
which ensheathes the cartilaginous septum. Later on as the process of bone forma- 
tion continues upwards and forwards the enclosed cartilaginous septum gets absorbed 
and the two laminae become fused together during puberty. 

THE MAXILLA 

Except the mandible the maxilla is the largest bone of the face and the two 
maxillae by their articulation form the whole of the upper jaw, three-fourths of the 
hard palate, greater part of the floor of theorbit, greater part of the floor and lateral 
wall of the nasal cavtty and part of the bridge of the nose. In the articulated skull 
it also forms the infratemporal and pterygopalatine fossae and the pterygomaxillary * 
and the infraorbital fissures. It consists of a body and four processes namely frontal 
zygomatic, palatine and alveolar. 
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The body of the maxilla is large and pyramidal in shape and contains a large 
air sinus known as the maxillary air sinus. It consists of anterior, injratmporal {posterior), 
orbital or superior and nasal of medial surfaces. 

OCUUm VrttH hwh notch 



The onfmor surface faces forwards and lateralwards and is separated from the 
posterior surface by an indistinct ridge which ascends upwards front the root of the 
second molar tooth. The lower part of the anterior surface is marked by a series of 
ridges formed by the sockets of the upper teeth. Above the sockets of the two anter- 
ior teeth (incisor teeth) there is a fossa, the incisive fossa, which gives origin to the 
depressor send and close to the alveolar border to some of the fibres of the orbicu- 
laris oris. Above and lateral to this fossa the anterior surface gives origin to com- 
pressor naris. Behind the incisive fossa and separated from it fay an eminence 
(canine eminence) is the canine fossa which gives origin to levator angtili oris muscle. 
Above the canine fossa is the infraorbital foramen which transmits the infraorbital 
vessels and nerves. Above tins foramen and between it and the infraorbital margin 
it gives origin to levator labii superioris. Anteromedially the anterior surface is 
separated from the medial surface by a thin concave margin known as the nasal notch, 
the margin of which gives origin to dilator naris. The nasal notch ends anteriorly in 
a pointed bony projection which together with the fellow of its opposite side forms the 
anterior nasal spine. 

The infratemporal surface (posterior surface) is convex in its general outline and 
is directed backwards and laterally. It forms the anterior boundary of the infra- 
temporal fossa, and near the centre, this surface is perforated by two or three small 
foramina, the alveolar canals-, for the entrance of the posterior superior dental vessels 
and nerves. Close to its postcro-infcrior angle this surface presents a rougharticular 
.area known as the maxillary tuberosity which articulates with the pyramidal proc ess 
(tubercle) of the palatine bone. A little below its post er 0-superior angle thereTs a 
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shallow curved groove which is continued on to the orbital surface and transmits 
the maxillary nerve. This smooth portion of the infratemporal surface containing 
the groove for the maxillary nerve forms a part of the anterior wall of the pterygo- 
palatine fossa. Opposite to the middle of the posterior border of the posterior surface 
is the" upper end of a vertical groove, the greater palatine groove , which transmits the 
greater palatine vessels and nerves. The posterior surface forms the anterior wall 
of the infratemporal fossa and its upper smooth portion also forms the. anterior 
houndary of the pterygopalatine fossa. 



cohmussoa maws 
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Fig. 411. The right maxilla. Antenor surface. Showing attachments. 

The orbital surface is more or less triangular in shape and forms the greater part 
of the floor of the orbit. It is separated from the anterior surface by the rounded 
infraorbital margin. It is separated from the infratemporal (posterior) surface by a 
rounded margin which forms the flower boundary of the inferior orbital fissure. 
Opposite to the middle of this margin is a groove or notch _from which the infrao r- 
bital cana l begins a nd traverses through The orbital surface to end into the mlraor bital 
foramen oh the aiRgnor surface and transmits tiie miraortn tat vessels and nerv&. ' IlS' 
’ medutl margin separates it from the nasal suriacc ana anteriorly this margin is separa- 
ted from the frontal process by a vertical notch, the nasolacrimal notch , which is conver- 
ted into the nasolacrim al canal by the descending process of the lacrimal bone and 
transmits t hgnasolacrimal duct ^ The medial margin behind die nasolacrimal notch 
atticulate^Tro m before backwards, with the lacrimal bone, the orbital plate of the 
ethmoid and the "orbital process ot the palatine bone . Theorbital surface at its 
’ahtero-raediai angle immediately lateral to - the nasolarcimal groove presents a 
small depression from which the inferior oblique muscle of the eye ball arises. - 

The nasal surtace of the body of the maxilla presents a large opening at its 
upper and posterior part known as the maxillary hiatus which leads into the maxillary 
air sinus . Above the opening of the maxillary hiatus there are a few broken 
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air-cells which arc completed by the labyrinth of the ethmoid and by the lacrimal 
bone. Below it the medial or nasal surface forms a part of the inferior meatus 



forms a part of the atrium of the middle meatus of the nose and below it the rot of 
the surface forms part of the inferior meatus of the nose. Behind the maxillary 
hiatus the medial surface forms a rough area which ar ticul ates with the perp endi- 
cular plate of the .palatine bon e. Traversing tmsrougl i ' At ca is a vertical gtHore, 
{lie gf eater palatine groove, sHucfi is converted into the greater palatine canal with, a 
similar groove on the lateral surface of the perpend i?ular plate of the palatine booc 
and transmits the greater palatine vessels and nerves. ThcsraaxiUary hiatus in the* 
articulated skull is much reduced in size and two small foramina of unequal size 
are left behind, one of which remains dosed in the recent state by a mucous plug 
and the other opens into the middle meatus of the now. reducing the riee if 

the maxillary hiatus -Ate the uncinate process of the ethmdiu articulating wui the 
eti "mo'i'd al process of the inferior nasal concha, the maxillary process of the inferior , 
nasal concha articulating with the maxillary process of the palatine bone and most 
posteriorly by the perpendicular plate of the palatine bone. 

Frontal process. The frontal process of the maxilla projects upwards from 
. the upper and anterior part of the junction of the anterior and medial surfaces. 
" T t consists of lateral and medial surfaces, anterior and posterior borders and an 
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upper end. The lateral surface presents a vertical ridge which is continuous below 
with the infraorbital margin and is known as the anterior lacrimal crest. It gives attach- 
ment to the lacrimal fascia and the medial palpebral ligament. The area in front of the 
lacrimal crest gives origin to orbicularis oculi and to levator Iabii super ioris aiacque 
nasi. The area posterior to the lacrimal crest forms a groove which together with 
a simitar groove on the lacrimal ixme forms the lacrimal groove which lodges the 
lacrimal sac. At the junction of thr lacrimal cresi with margin th ere 

is a small tubercle w diicfTnrtirulatcs with tlie~"Iacrimnt Tiamulus and form s-a_ guide 



to the l acrimal _sac . The medial surface of the frontal process of the maxilla presents 
a short; transverse ridge immediately below the upper end, known as the ethmoidal 
crest. The posterior part of the ethmoidal cres t_ornc»fates with the sup erior nasal 
concha whereas its a nterior nart forms the agar n asi. The "rough area aboveTthe 
ethmoidal crest articulates with the anterior aspect of the labyrinth of the ethm oid 
and completes, the, anterio r ethmoi dal air cells. The portion tietow~ the ethmoidal 
. crest forms a shallow deprSKCd'm'ca which forms the atrium of the middle meatus 
of tlte nose. The a pterinr border articulates with the late ral border of the ‘nasal ' 
hone wh ereas the posterior border articulates witKuhe amerlor~bor tl o r of - thc lac r imal 1 — 
-b ori c. The upper end ar ticulatcs'vnth the nas al notc h ot the Iro ntal hone between 
the na sal and the lacrirriSI ho nes. ~~ 

Alveolar process. The alveolar process forms a thick arched border which 
together with the fellow ofits opposite side forms the alveolar arch. It is excavated 
to form eight sockets, into which the roots of the eight teeth articulate. The teeth „ 
that articulate with the sockets (^omphosis) from before backwards, are the medial 
’ incisor, lateral incisor, canine, first premolar, second premolar, first molar, second 
molar and third molar. The sockets for the incisors, canine attd~the. second pret 
molar are single sockets and that for the canine is deepest. The sockets for the molar • 
i, teeth are wider and each is divided into three smaller sockets by two small septa. The 

V socket for the first premolar may be subdivided into two sockets by a septum. The 
lateral surface opposite to the three molar teeth gives origin to buccinator muscle. 
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Zygomatic process. It is a short process situated at the junction^ of the 
orbital, anterior and posterior surfaces. By its rough articular surface it articulate! 
with th e maxillary process of the zygomatic l>onc. From its inferior aspect a smooth 
ridge runs downwards to the root of the second molar tooth which marks the line 
of demarcation between the anterior and posterior surfaces. Sometimes its inferior 
aspect gives origin to some fibres of the roasseter muscle. 

Palatine process. The palatine process of the maxilla forms an arched 
plate of bone that projects medially from the upper part of the medial aspect of the 
anterior three-fourths of the alveolar process. The palatine process of the maxilla 
together with the fellow of its opposite side forms the anterior three-fourths of the 
hard palate. Each consists of superior and inferior surfaces, lateral, medial and 
posterior borders. Tfie superior surface is gently concave and forms the part of the 
floor of the corresponding nasal cavity. The inferior surface is rough and uneven 
and presents irregular pits for the lodgment of palatine glands. At the junction or 
its lateral border with the body posteriorly it presents a groove for greater palatine 
vessels and nerves. Opposite the incisor teeth it presents a small depression which 
together with die fellow of its opposite side forms the incisive Jossa, at the bottom 
of which there is a canal on each side of the medial plane, die incisive canal. The 
incisive canal opens above into the corresponding nasal cavity and transmits the 
long sphenopalatine nerve to the hard palate and the greater palatine vessels to the 
nasal cavity. Some times a small suture may extend Iateralwards from the margin 
of the incisive fo3sa and intervenes between the lateral incisor and the canine toolh 
and separates this portion of the bone together with the two incisor teeth from the 
rest of the bone ana when this happens this portion of the bone is known as os 
tncisiium which normally exists in some other vertebrate animals. The lateral 
margin of the palatine process fuses with the body. Its medial margin articulates 
with the fellow of its opposite side and forms a crest termed the nasal crest which 
articulates with the inferior margin of the vomer. The anterior portion of the nasal 
crest is raised to a considerable height and is known as the incisor crest into which 
the tip of the _ vomer fits. The anterior end of the incisor crest forms a projecting 
spine which with the fellow of its opposite side forms the anterior nasal spine . Its 
posterior border articulates with the anterior border of the horizontal plate of the 
palatine bone. 

Maxillary air sinus. (See also paranasal sinuses). This is the largest of 
the paranasal sinuses and is contained within the body of the maxilla. Its base is 
formed by the nasal surface of the body; the apex corresponds to the zygomatic 
process; the roof is formed by the orbital surface and the floor STormed by the 
alveolar process. Its anterior and posterior walls correspond to the anterior and 
infratemporal (posterior) surfaces of the body. It measures lg inches in vertical 
diameter, one inch transversely and about 1$ inches antcroposteriorly. It is lined 
by the mucous membrane derived from the nasal cavity. 

Communication. It communicates with the middle meatus of the nose. 

Ossification. Each of the maxillae develops in membrane and ossifies from 
two primary centres, one for the maxilla proper and one for the premaxilb, which 
appear during bte sixth week of intrauterine life. ~ **• 

The centre for the maxilla proper appears first in that portion of the bone which 
lies above the canine tooth germ and then spreads to form the main mass of the bone 
together with its processes except .that portion which bears the incisor teeth _(o* 
incisivum or prcmaxilla). The centre for the prtmaxilla appears above the incisor 
tooth germ and forms that portion of the bone which bears the incisor teeth. Th c 
prcmaxilla and the maxilla proper fuse together during the third month ofintrauterine 

During the fourth month of intrauterine life the maxillary air sinus begins to 
appear as shallow depression on the inner side of the bone and gradually increases 
tn size until at puberty it assumes its normal size. 

During the earlier part of development the alveolar border does not present the 
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characteristic feature of the border but during the process of development an elon- 
gated furrow, the denial groove, appears on this border. The walls of the dental 
groove grow downwards so as to convert the dental groove into a tunnel and the 
inner wall of the tunnel being called the lingual plate whereas the outer one, the 
labial plate. Later on, septa appear across the tunnel to divide it into five sockets 
for the five temporary or milk teeth. The socket for the canine tooth is the first to 
appear amongst them. 


THE PALATINE BONE 

The palatine bone lies on each side in between the pterygoid process of die 
sphenoid behind and the maxilla in front. Each palatine bone consists of a vertical 
part and a horizontal part and three processes, orbital, sphenoidal and pyramidal 
processes. The vertical plate ascends upwards with the orbital process in 
front and die small sphenoidal process behind. The horizontal part projects 
medially from the lower border of the vertical part. The tubercle or the pyramidal 
process 'projects backwards, downwards and laterally from the junction of the hori- 
zontal and the vertical parts. 

Side determination. Hold the bone in such a way that the vertical or perpen- 
dicular plate holding the orbital process in front and the sphenoidal process behind 
projects upwards, the pyramidal process looks backwards, downwards and laterally 
and the latter will determine the side to which the bone belongs or the horizontal 
plate will determine the opposite side of the bone. 

Vertical or perpendicular plate. The perpendicular plate of the palatine 
bone consists of medial and lateral- surfaces and anterior, posterior, superior and 
inferior borders. 



Fig. 414. The left palatine bone. Posterior view. 

The medial surface presents below a depressed area which is continuous with 
the upper surface of the horizontal part and forms part of the lateral wall of the 
inferior meatus of the nose. Above this area there is a horizontal ridge known as 
the conchal crest which articulates with the posterior part of the superior border of 
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the inferior nasal concha. Above the conchal crest thrrr is another shallow area 
which forms part of the lateral wall of the middle meatus of the nose. Above this 

area a small horizontal 
ridge, known as the dhmo- 
tdal crest, articulates with 
the middle nasal concha. 
A narrow groove above 
the ethmoidal crest forms 
a part of the superior 
meatus of the nose. 

The maxillary or the 
lateral surface of the pala- 
tine bone is rough for the 
greater part of its extent 
and articulates with the 
nasal surface of the 
maxilla. A narrow smooth 
area at its postero-superior 
part forms part of the 
medial wall of the pterygo- 
palatine fossa. The rough 
area close to its posterior 
part presents a vertical 
groove, the greater palahrc 
groove , which is converted into greater palatine canal by articulation with the 
maxilla and transmits the greater palatine vessels and nerves. 

* The anterior border is irregular and opposite to the conchal crest it projects for- 
wards as a process known as the maxillary process which covers the maxillary air sinus 
and articulates with the maxillary process of the inferior nasal concha. The posterior 
border articulates with the anterior border of the medial pterygoid plate of the sphe- 
noid. The superior border surmounts the orbital process in front and the sphenoidal 
process behind and in between these two processes it formi a notch, the sphenopalatine 
notch, wliich is converted into sphenopalatine foramen by the undersurface of the body 
of the sphenoid in the articulated skull and transmits the sphenopalatine vessels 
and nerves from the pterygopalatine fossa to the upper part of the superior meatus 
of the nose. The inferior border fuses with the horizontal part. 



Fig 415 The left palatine bone Lateral aspect. 


Orbital process. The orbital process projects upwards and laterally from 
the upper and anterior part of the perpendicular plate and contains an air cell wUh 
broken margins. It consists of three articular and two non-arlicular surfaces . Thf 
articular surfaces are anterior or maxillary, posterior or sphenoidal and medial or ethmoidal 
The non-articular surfaces arc superior or orbital and lateral. 

The anterior or maxillary surface looks downwards, forwards and laterally ana 
articulates with the maxilla. The posterior or sphenoidal surface contains an air 
cell, the margins of which articulate with the sphenoidal concha. The medial or 
ethmoidal surface is directed upwards and medially and articulates with the Iabynntn 
of the ethmoid. The orbital or superior surface is smooth and forms part of die n®° r 
of the orbit. It is continuous with the lateral surface by a smooth rounded border 
wliich forms a part of the lower margin of the inferior orbital fissure. The lateral 
surface is directed laterally and slightly backwards and presents a shallow groove in 
its lower part which lodges the maxillary' nerve. 

Sphenoidal process. The sphenoidal process consists of a thin lamina flf 
bone which projects upwards and medially and lies at a lower level than the orbital 
process. It consists of superior, infero-medial and lateral surfaces and anterior, posterior 
s and medial borders. 

t? The superior surface forms a narrow depressed surface which articulates with 
'jp the undersurface of the sphenoidal concha and forms the floor of the palatino-vagina* 
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The posterior surface is limited on either side by an articular furrow' which arti- 
culates with the margins of the pterygoid fissure ami encloses a smooth traingular 
area which forms part of the pterygoid fossa and gives origin to some of the fibres of 
the medial pterygoid muscle. The lateral surface articulates with the maxillary tubero- 
sity. Its inferior surface is smooth and non-articular and presents one or two foramina, 
the lesser palatine foramina, for the transmission of the lesser palatine vessels and nerves 

Ossification. Each palatine bone develops in membrane and ossifies icons 
one primary centre which appears during the eighth week of intrauterine life at the 
perpendicular plate. From this point the process of ossification extends upwards 
into the perpendicular plate and then spreads into the orbital and sphenoidal pro- 
cesses, downwards into the tubercle of palatine bone and medialwards into die 
horizontal plate. 


THE ZYGOMATIC BONE 

The zygomatic bones are two in number and each occupies the infero-Iateral 
aspect of the orbital opening and forms the prominence of the cheek. Each zygo- 
matic bone consists of three surfaces, five borders and two processes. The suruces 
are malar (lateral), medial or temporal and orbital. The orbital surface forms * 
shclf-likc projection which looks medially and backwards from the antero-superior 
aspect of the bone. The malar (lateral) surface is convex whereas the temporal 
surface is concave. Its borders are antero-superior, antcro-infrrior, postcro-superior, 
postcroinfcrior and posteromedial The posterosuperior border resembles the 
italic letter f' and is non-articular. The anterOsupcrior border is rounded and 
forms part of the infraorbital margin. Its processes arc frontal and temporal. The 
frontal process projects upwards between the anterosuperior and posterosuperior 
borders. 

Side determination. Hold the bone in such a way that the non-articular 
posterosuperior border resembling italic letter f' looks upwards and backwards, 
the frontal process looks upwards and the convex malar (lateral) surface will deter- 
mine tlie side to which it belongs. 

The malar ( lateral) surface is convex and looks laterally and forwards and promts 
near the orbital margin the openings of the zygomaticofacial foramen which transmits the 
zygomaticofacial vessels and nerves. Below this opening it presents a low rounded 
elevation which gives origin to zygomaticus minor muscle and the area posterior to it 
gives origin to zygomaticus major muscle. Close to the postcro-inferior margin this 
surface gives origin to some of the fibres of the masse ter muscle. The medial or 
temporal surface is concave and forms part of the infratemporal fossa and preseats the 
opening of die zygomaticotemporal foramen which transmits the zygomaticotemporal 
vessels and nerves. Anteriorly this surface presents a rough articular area which 
articulates with the .maxilla. The orbital surface forms an expanded plate of bon* 
which projects medially and backwards from the orbital margin (Anterosuperior 
border). It is smooth and gendy concave and forms part of the floor and the lateral 
wall of the orbit. Above and posteriorly it is continuous with the frontal process. 

The anterosuperior border is rounded and smooth and Forms part of the infraor; 
bital margin. The anteroinferior margin is rough and articular and articulates with the 
maxilla. Close to the orbital margin Uiis border gives origin to some fibres of the 
levator labii superioris. The posterosuperior border is non-artieular and resemble^ the 
italic letter f' and above it is continuous with die frontal process and below it >* 
continuous with the temporal process. A little below the Trento-zygomatic suture 
this border presents a prominence known as the marginal tubercle which forms a bony 
landmark below the fronto-zygomatic suture. It gives attachment to the temporal 
fascia. The postero-inferior border is also non-articular and it is thick and marked by 
muscular impression for the origin of the masseter muscle. The postero-medxal border 
is articular and at first slopes from above downwards and laterally-, then dowmvard* 
and forwards, and between these two slopes it usually presents a non-articular area 
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which forms lire lateral boundary of the inferior orbital fissure. The upper slope ai ti- 
cu talcs with the greater wing of the sphenoid {lateral margin of the orbital surface) 
and the lower slope articulates with the maxilla. 

The frontal process pro- 
jects upwards and forms a 
three-sided bony process. Its 
anterior border is continuous with 
the orbital margin, its posterior 
border is continuous with the 
postcro-superior border and its 
medial margin is continuous with 

the posteromedial border. 

Above it forms a serrated edge 
which articulates with the 
zygomatic process of the frontal 
bone. Its medial margin arti- 
culates with the greater wing 
of the sphenoid. Its narrow 
lateral surface merges into the 
lateral surface of the body and 
its posterior surface is continu- 
ous with the medial surface. Its 
anterior surface is continuous 
with the orbital surface. On 
this surface close to the orbital 
margin about half an inch 
below the fronto-zygomatic 
suture it presents a small 
tubercle ( tubercle of Whilnol) 
which gives attachment to the 
check ligament of the rectus 
lateralis, part of the aponeurosis 
of the levator palpcbrae supe- 
rioris, suspensory ligament of 
the eye ball and the lateral 
palpebral ligament. 

The TEMPORAL PROCESS 
projects backwards from the 
posteroinferior part of the bone and presents a serrated edge which articulates with 
the zygomatic process of the temporal bone and completes the zygomatic arch. Its 
lower border gives origin to some fibres of the masseter and its upper border gives 
attachment to the temporal fascia. 

Ossification. Each of the zygomatic bones develops in membrane and usually 
ossifies from one centre which appears during the eighth week of intrauterine life. 

Very rarely the bone ossifies from more than one centre in which different 
centres fuse together during the end of the fourth month of intrauterine. The bone 
may rarely be seen to be split into two portions, upper and lower, thus justifying the 
presence of different centres of ossification. 



Fig. 117. The right zygomatic bone; internal 
aspect with attachments. 



THE HYOID BONE 

The hyoid bone forms an ‘U'-shaped arch the convexity of which is directed 
upwards and forwards whereas its concavity looks downwards and backwards. It 
forms a broader central part known as the body and from the lateral ends of the body 
the narrower prolongation of the bone is known as the greater cornu. From the junc- 



HUMAN ANATOMY 


3fi8 

tion of the greater cornu and the body a small conical bony process projects upwards 
known as the lesser cornu. 

The body of l!ie hyoid bone forms a flattened arch ofbonc the convexity of which 
looks upwards and forwards, It consists of anterior and posterior surfaces and super* 
ior and inferior borders and two lateral ends. The anterior surface is convex and pre- , 
sents opposite the median plane a vertical ridge which is well marked above and las 
so below. This represents the line of fusion betwen the two halves of the body. A ' 
transverse arched ridge, the convexity or which is directed downwards, divides the 

anterior surface into upper and lower i 
areas. On each side of the median 
plane the anterior surface of the body 
js rough for muscular and ligamen- 
tous attachments. Geniohyoid muscle 
is inserted over a rough impression 
having a concavity laterally and ‘ 
extends both above and below the. 
transverse ridge. Lateral to the 
geniohyoid and encroaching into the 
folds of its insertion is the hyoglossus 
muscle which extends into the 
greater cornu. Below the geniohyoid 
and hyoglossus the mylohyoid makes 
its insertion. Below the mylohyoid, 
sternohyoid and omohyoid (superior 
belly) make their insertion, of which 
Fig. 419. The h> oid bone with attachments sternohyoid is medial and »1« 
Seen from e ron . omohyoid is lateral. Lateral to the 

mylohyoid the most medial fibres of the thyrohyoid i is inserted. Above the 
geniohyoid the anterior surface gives origin to some fibres of genioglossus mstk 
The posterior surface is in relation to a bursa. The superior border gives attachment 
to the hyothyroid membrane and to the hyoepigloltic ligament and to some fibres ofgenio* 
glossus muscle. The fibres of insertion of the omohyoid, sternohyoid, and thyrohyoid 
encroach on to the inferior border. 

The anterior surface of the 
greater cornu gives origin to hyoglossus 
muscle which extends from the body, 
and to the middle constrictor muscle of 
the pharynx which extends from the 
lesser cornu. The middle constrictor 
muscle lies above the hyoglossus. 

Below the hyoglossus the anterior 
surface of fhe greater cornu gives 
insertion to siylokoyid and attachment 
to the fibrous loop that anchors the 
central tendon of the digastric muscle 
to the hyoid bone. Its posterior 
aspect gives attachment to the 
hyothyroid membrane. 

The lesser cornu projects forviard, r. 8 - «0. Th= hjoid bon,. S.m from the tram 
from the junction of the greater , 

cornu and the body. It gives attachment to the stylohyoid ligament which suspends 
the hyoid bone from the styloid process of the temporal bone. It gives origin to 
middle constrictor muscle of the pharynx and to the chondrolgossus muscle. 

Ossification. The hyoid bone develops in cartilage and is derived from th e 
cartilaginuous bars of the second and the third pharyngeal arches. The ventral ends 
_ of the cartilages of the second and the third arches are fused together to form the body 
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of the hyoid bone (basihyal), the remaining unfused portion of the third arch cartilage 
forms the greater cornua (thyrohyal); while the lesser cornua are formed from the 
cartilage of the second arch (ccratohyal). 

The bone is ossified from sue centres, two for the body, one for each of the greater 
and lesser cornua. Just before birth the centres for the body and the greater cornua 
appear while that for the lesser cornua appear during the first or the second year or 
even later until puberty. 


THE MANDIBLE 

The mandible is tire largest and strongest bone in the face and presents a horse- 
shoe-shaped body from the posterior ends of which the two rami of the mancLUde 
project upwards. ’’ 

The body of the mandible forms a flattened arch of bone the convexity of 
which is directed forwards and resembles a horse-shoe in appearance. It consists 
of external and internal surfaces and superior and inferior borders. 

The external surface of the body is convex in outline and opposite the upper part 
or the median plane it presents a faint ridge which marks the line of fusion between the 
two halves of the body and ends below on the summit of a small eminence known 
as the mental protuberance (p rominence of the chin). The mental protuberance is 
roughly triangular it" form the apex of which is directed upwards and the base down- 
wards, Opposite the lateral angles of the base of the mental protuberance there is a 
small tubercle known as the mental tubercle. An oblique line known as the oblique 
ridge ascends upwards and backrntfds Ti’offi the mental tubercle across the body and is 
continuous behind with the anterior border of the ramus. Its posterior part is welt 
defmed whercas its anterior part is indistinct. The anterior end of the oblique line 
gives origin to de nresso riabii inferiom-in front and to the depressor anguli oris behind. 
On either side otthe median ridge it presents a smalt depression known as the mental 
fossa which gives origin to mentalis muscle and to a part of the orbicularis oris. Im- 
mediately below the interval between the first and the second premolars (between the 
fourth and the fifth teeth from the median plane) there is the opening of the mental 
foramen which leads into the mandibulan canal .and rran smtts_thc mental vessels and 
nerves ; Tfie'jiortions of the external surface of the body adjoining the roots of the 
TeeifTarc covered by the muco-periosteum and opposite the tjirfiSJnolar, teeth jt gives 
origin to the buccinator muscle. ~- 

The internal surface of the body of the mandible is concave and is traversed from 
above downwards by an oblique ridge known as the mylohyoid line. The mylohyoid 
line begins from opposite the level of the last molar tooth at a distance of about £ inch 
from the same and descending do^vnwards and forwards ends in the lower part of the 
symphysis mend below an irregular eminence, known as the genial tubercles. The 
mylohyoid line gives origin to mylohyoid muscle throughout its whole length and from 
its posterior end it gives origin to a slip of the superior constrictor muscle of the pharynx which 
encroaches between it and the last molar tooth. Behind the last molar tooth the 
portion of the bone gives attachment to pterygomandibular ligament. Below the 
mylohyoid line is an oblique groove known as the mylohyoid groove which lodges the 
mylohyoid vess els and nerves . The mylohyoid line subdivides the internal surface 
into twcUriangular areas^ The apex of the lower triangular area is directed forwards 
whereas the apex of the upper triangular area is directed backwards. The base of . 
the lower triangular area is hollowed out and is known as the submandibular fossa for 
the lodgement of the submandibular salivary gland and some of the submandibular 
lymph glands. The base of the upper triangular area is also hollowed out and is 
known as the sublingual fossa for the lodgement of the sublingual salivary gland. 
The margin of the bone close to the roots of the teeth is cove red by ippqoperiosteitm . 
The genial tubercles which are placed above the anterior ends of tne mylohyoid lines 
in the median plane may be divisible into four tubercles— two upper and two lower. 
The upper genial tubercles give origin to the genioglossus muscle whereas the lower 
genial tubercles give origin to geniohyoid muscle. Below tne anterior end of the mylo- 
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hyoid line and on cither side or the median plane is a shallow depr ession known as t' 
digastric fossa which gives origin to the .anterior belly of the digastric muscle. 



The superior border of each half of the mandible (body) is excavated into right 
sockets into which from before backwards the following teeth articulate. 


(1) Medial incisor. 

(2) Lateral incisor. 

(3) Canine. 

(4) Tirst prcmolar. 


(3) Second prcmolar. 

(6) First molar. 

(7) Second molar. 

(8) Third molar. 


The sockets of die molar teeth arc divided into two compartments by a septum. 

The lower border of the body of the mandible is rounded and constitutes the base 
of the mandible. Platysma is inserted into the lower border and anteriorly it extends 
over the external surface of the mandible to reach the lower part of the lace where 
it forms the risorius muscle. 

TVa wj»v.\e, tfi \V>x 7«W|^r.Vs Sram \Yit ptMttYcn twl tfl 'he. hod? 

and forms a square flattened bone which is surmounted above and in front by the 
coronoid process, and above and behind by the condyloid process. Each ramus consists oF 
external and internal surfaces and anterior, posterior, superior and inferior borders 
and coronoid and condyloid processes. 

The external surface of the ramus is rough throughout its entire extent except its 
upper and posterior part where it forms a smooth area. The rough area gives inser- 
tion to th e wiassrter muscle. At the Iowct part of the rough area there arc a few short 
vertical ridges whichgive attachment to the intramuscular tendon of the SATjte mus- 
cle. The upper and posterior smooth area is covered by the parotid gland. 

The internal surface of the ramus presents a foramen at its middle point known as 
the mandibular foramen which leads into the mandibular canal anti transmits the inferior 
dental vessels and nerves. The medial margin of the mandibular foramen forms a 
sharp bony process known as the lingula which gives attachments the sphenomoa‘ 
dibular ligament. Behind the mandibular foramen and the lingula is a vertical groove 
which marks the commencement of the mylohyoid groove and transmits the mjrlo- 
v hyoid vessels and nerves. The internal surface of the ramus below and behind the 
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mylohyoid groove is marked by a rough impression which gives insertion to the 
medial pterygoid muscle. 

The anterior border of the ramus is sharp" and prominent and is continuous below 
with the oblique line of the body and above with the anterior border of the comoid 
process. It gives insertion 
to some fibres of the tem- 
poralis muscle. The posterior 
border is rounded and pre* 
sents a slight concavity 
opposite its mid -point. It 
is in relation to the parotid 
gland. The posterior border 
is continuous above with 
the posterior border of the 
condyle. The superior border 
forms a concave notch 
known as the mandibular notch 
and joins the coronoid pro- 
cess in front with the condy- 
loid process behind. The 
mandibular notch transmits 
the masseteric vessels and 
nerves. The inferior border 
is very short and joins with 
the posterior border at an angle known as the angle of the mandible and gives 
attachment to the stylomandibular ligament which intervenes between the parotid and 
the submandibular glands. Anteriorly the inferior border of the ramus is conti- 
nuous with the base of the mandible. 



rig. 422. The mandible with opened up mandibular 
canal from the exterior to show the inferior alveolar nerve 
and its branches. 


HIOOll HINING1AL ASHPIT 



The coro wo id process is a triangular piece of bone that projects upwards from 
the anterior aspect of the upper portion of the ramus. Its anterior border is conti- 
nuous with the anterior border of the ramus. Its posterior border forms the anterior 
border of the mandibular notch. The whole ofils medial surface, a part of the lateral 
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surface close to its apex and its anterior margin receive insertion of the temporals 
muscle. 

The condyloid process ascends upwards from the upper and posterior part of 
the ramus'. Its upper end forms an expanded, thick prominence and is known as 1 
the head of the mandible which is lined by articular cartilage and articulates with the 
articular fossa of the temporal bone by the intervention of a fibro-cardlaginous 
disc and forms the mandibular joint. It is broader transversely than antero-posteriorty 
and presents a round tubercle on its lateral aspect which together with the 
adjoining lateral and posterior aspects of the neck gives attachment to the Impro- 
mandibular ligament. Below the expanded head the narrow portion of the tone 
constitutes the neck of the mandible. Immediately below the anterior part of the 
head there is a depressed area which gives insertion to the lateral pterygoid muscle. 

The mandibular canal begins in the mandibular foramen and at first rum vertically 
downwards and then runs horizontally forwards to the interval between the first and 
the second premolars where it ends by dividing into mental and incisive canals. The 
mandibular canal transmits the inferior dental vessels and nerves which become 
mental and incisive vessels and nerves at the point of bifurcation of the canal. 

Ossification. The mandible develops partly in membrane and partly in car- 
tilage. The most of its parts are developed from the fibrous membrane covering 
the outer surface of the Meckel’s cartilage (cartilage of the first pharyngeal arch) 
and a small part by ossification of the anterior end of the Meckel’s cartilage, and 
from the symphyseal, coronoid and condyloid cartilages. At birth the bone consists 
of two halves being united together anteriorly at the symphysis menti by fibrous 
tissue. Each half of the bone ossifies from one centre which appears during the 

sixth week of foetal life 
in the fibrous mem- 
brane covering the sur- 
face or the Meckel's 
cartilage in the region 
of the future mental 
foramen and then the 
process of ossification 
spreads to the adjoining 
portion. The mandi- 
ble forms the second 
bone in order of rime 
to show signs of ossi- 
fication (the clavicle being the first). The different portion of the bone ossifies 
as follows: 

The body. The incisive portion of the body together with the symphysis menu 
develops in cartilage and ossifies from the anterior end of the Meckel's cartilage and 
. from the symphyseal cartilage which are invaded by an extension of ossification from 
the primary centre in the remaining portion of the body. 

The remaining portion of the body develops in membrane which covers the outer 
surface of Meckel’s cartilage and ossification first starts in this portion in the region of 
the future mental foramen. 

The ramus. The portion of the ramus as far as the mandibular foramen develops 
in membrane in association with the body and the rest of the ramus above the man- 
dibular foramen develops in cartilage from the coronoid and condyloid cartilages. 

The Coronoid process. 1 1 develops in cartilage From the coronoid cartilage. 

The Condyloid process. It develops in cartilage from the condyloid cartilage. 

The fate of the MeekeVs cartilage or the cartilage of the frst pharyngeal or visceral arch . 
The Meckel’s prrilage forms the skeletal clement of the first pharyngeal arch and « 

‘ developed in situ by mesodermal condensation. It forms a bar of cartilage which 
is connected dorsally, with the periotic cartilaginous capsule of the chondrocranium • 



Fig. 424 The development of die mandible from the Meckel’s 
cartilage. 
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at the base of the developing cranium and then descending downwards and forwards 
its ventral end meets the fellow of its opposite side in the median plane. Through* 
out its course it is surrounded by a fibrous capsule. 

From its extreme dorsal end the two of the three auditory ossicles namely, malleus 
and incus arc formed; the portion extending from the base of the skull to the man- 
dibular foramen atrophia while its fibrous investment in this situation persists to form 
the sphcnomandibular ligament; the portion extending from the mandibular fora- 
men to the mental foramen also atrophies and its fibrous capsule in this situation 
forms the greater portion of the mandible; Us extreme venial portion persists and to- 
gether with the symphyseal cartilage it forms the incisive portion of the body of the 
mandible. 

AGE CHANGES OF THE MANDIBLE 

The mandibfc is a bone which shows remarkable changes with age because of 
the obvious reasons that it is associated with teeth which appear in two crops and 



B Mandible in the adult. 

C Mandible in extreme old age. 

Fig. 425. The age changes in mandible. 

disappear again in old age. The permanent teeth, which replace the temporary 
ones, are larger and more in number by 10 and therefore to accomodate the excess 
teeth the teeth bearing area must increase and at the same time to accomodate 
the larger teeth more space is required to keep the occlusional surfaces of the teeth 
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in perfect order; this is effected by growth in height of the ramus of the mandible. 
With the loss of the teeth the condition again changes. The changes that occur' 
are brought about by the process of moulding in which, depending on the necessity, . 
there is harmonious deposition of new bone and resorption of the old one where, 
required. The following are the changes of the mandible with agej 

The mandible at birth. It is small in all respects, three arc no teeth and the 
body of the bone forms a mear shell containing teeth sockets which are i incompletely 
partitioned from one another. The bone remains in two halves united together 
by fibrous tissue opposite median plane forming the symphysis menli. The coronoid 
process is larger and lies at a higher level than the condyloid process which roughly 
occupies the plane of the upper border of the body of the mandible. The raand i- 
hnlnr canal is nearest to the lower border and the mental foramen occup ies its 
position opposi te the first d eciduous molar tcoth. The angle of the ma ndtbc is obtuse . 

The mandible just before the eruption of the first permanent tooth. 
The mandible grows in length particularly behind the mental foramen; the depth 
of the body also increases and the mandibular canal lies a little above the mylohyoid 
line and the mental foramen roughly occupies the adult position. The bone is 
endowed with 10 temporary teeth. The ramus grows in height and coronoid and 
condyloid processes are on the same level. , 

The mandible In the adolt.^Hie bone is now fully developed and contains 
16 teeth. The mental foramen occupies its position mid-way between the upper 
and the lower borders opposite the interval between first and second premolars. 
The mandibular canal runs parallel with the mylohyoid hnif/TjXhc condyloid 
' process is placed at a higher level than the coronoid process. ''-The angle, of the 
mandibe measures roughly a right angle. 

The mandible in old age. It becomes edentulous, the alv eolar pr ocess is 
absorbed and the alveolar border is reduced to an a lveolar ridg e. The mental foramen 
and the mandibular canal are very close to the upper borderT The ramus is oblique 
in direction and the “angle” measures about HO 9 . The condyloid process is bent 
backwards. 

SKULL VIEWED AS A WHOLE 

The skull when viewed as a whole is irregularly ovoid in shape. Its lop is convex 
in general outline being broader behind than in front. The coronal suture in front 
and the lambdoid suture behind cross transversely across the top of the skull in 
front and behind respectively and arc joined together by an anteroposterior suture, 
the sagittal suture opposite the median plane and form a H-shapcd suture which 
demarcates rough W four bones namely two parieials^ nor. on. cbirnr the frontal 

bone in front and the occipital behind. The rest of the skull is most irregular. For 
purposes of description and as viewed from different aspects the skull may be divided 
into dificrent regions as norma verticals, norma basalis, norma frontalis, norma 
occipitalis and norma lateralis. __ 

NORMA VERTICALS 

The norma verticals or the top of the cranium is ovoid in general outline, 
convex in all directions and is broader behind than in front. It is formed by four 
bones, two parietals, one. on each side, the Frontal, in front and the occipital behind. 
The sagittal suture opposite the median plane is formed by articulation of the two 
parietal bones which in front articulate with the fiontal bone at a transverse suture, 
the coronal suture. In a fully developed skull the sagittal suture meets the coronal Suture 
almost at right angle and the point of meeting between the two is known as brtgnut. 
In the new bom as the angles of the parietals and the adjoining portion of the frontal 
bone remain membranous and unossified the coronal and the sagittal sutures meet 
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each other by a diamond-shaped membrane known as the anterior Jontanelle. Pos- 
teriorly the two parietal bones articulate with the occipital bone and the suture 
between them is known as the tambdoid suture. In the grown-ups the point of union 
between the sagittal suture and the lambdoid suture in the median plane is known 
as lambda. In the nets* bom this area is 
occupied by a triangular membranous 
area known as the posterior Jontanelle. 

Roughly mid-way between the coro- 
nal and the lambdoid suture, on cither 
side of the sagittal suture over the 
parietal bone the most prominent lateral 
bulging is known as the parietal eminence. 

The widest part of the norma verticals 
and also the widest part of the skull as a 
whole corresponds to a line joining the 
two parietal eminences. Both in front of 
and behind the parietal eminences the 
skull narrow’s in diameter. Posteriorly 
the skull slopes abruptly medialwards and 
backwards to meet an ovoid bulging, the 
external occipital protuberance, so as to re- 
semble the arc of a parabola. Ante- 
riorly from the level of the parietal emi- 
nences the skull slopes medially and for- 
wards to a broad shallow transverse con- 
striction situated just behind the coronal 
suture and then slightly widens and again 
slopes to the frontal eminences. 

About 3 cm. in front of the lambda 
either in the sagittal suture or on cither 
side oflt on the parietal bone, is the parietal foramen which in the recent state trans- 
mits an emissary vein and a branch from the occipital artery. 

The vault of the skull or the norma verticatis in the recent state is covered by 
scalp which consists of 5 layers and from without inwards they are (1) skin, (2) dense 
subcutaneous tissue, (3) epicranial aponeurosis, (4) layer of loose areolar tissue and (5) 
the pericranium. 

The pericranium forms the periosteum of the bones and is easily separable from 
the subjacent bone except opposite the sutures where it is firmly adherent. The loose 
areolar layer occupies an wide area mostly limited by the attachments of the occipito- 
frontalis muscle and the temporal fascia and it is due to the presence of this layer 
over the fixed pericranium that the rest of the scalp moves so freely. The skin, dense 
subcutaneous tissue and the epicranial aponeurosis, all are condensed to one layer. 


NORMA BASALIS 

Norma basalis or roughly the inferior aspect of the skull is most irregular and 
as it forms the basis on which the rest of the skull stands it is called “Norma Basalis”. 
The mandible is usually excluded from its description and excluding tt the boundary 
of the base of the skull iYas follows"? 

Boundary : 

Anteriorly. By incisor teeth of maxillae. 

Posteriorly, By the superior nuchal lines of the occipital bone. 

Laterally. By alveolar_arch containing the remaining teeth (canine to last 
molar), theTygomatic arch with its posterior root, by the mastoid 
process and by a line joining the latter with the lateral end of the 
superior nuchal line. 
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Fot the purposes of description the external aspect of the base of the skull U 
divided into three portions, the anterior portion or the hard palate, the middle portion and 
the posterior portion. The portion behind the hard palate and lying on a level higher 
than it, is a wide area which is arbitrarily divided into middlfc'and posterior portions by 
passing a transverse line through the anterior margin of the foramen magnum. 

Anterior part of the norma basalis or the hard palate. The anterior pan , 
of the norma basalis occupies the gap within the horsc-shoc-shapcd arch formed by 
the alveolar processes of the maxillae and constitutes the hard palate. About J of the 
hard palate is formed by the palatine processes of the maxillae and the remaining $ by 
the horizontal parts of the two palatine bones. A cruciate suture, die vertical limb 
of which is formed by inter-maxillary and intcr-pa latin cjuturcs and the horizontal 
limb by the palato-maxillary suture, separates the different bony elements forming the 
hard palate. 

It forms a dome-shaped arch, the summit of which rises much above the level of 
the teeth and the alveolar processes of die maxillae, and in the recent state lorras 
the dome-shaped roof of die mouth cavity. 



Anteriorly, opposite the median plane and behind the incisor teedi, is a deep 
depression known as the incisive fossa ; on its lateral walj, on each side, is a foramen, 
th cjatf ral incisive f oramen which leads to a bony canalllieTnaifc?‘T<wa/pwrhicJrends 
by opening into the floor of the nasal cavity. The lateral 'incisive' ioramen trans- 
mits the terminal branches of th g.grcater palati ne .vessels and the long sphc nopala tine 
nerve. In some skulls on the anterior and posterior* walfsof the incisive fossa there arc 
two median incisive foramina , anterior and posterior. When present, the anterior 
median incissive foramen transmits the left sphenopalatine nerve while-the right 
passes through the posterior mediarr incisive foramen. At the postero-lateral angle 
of the hard palate is an opening, thcj’rjater^palalincfiTeimen which forms the lower 
opening of tne greater palatine canal and transmits the gre ater palatine vcss gSjtPd 
nerves. Running forwards from the greater-palati ne ISK G ncn Isli ^ gr oove w hich is 
deeper behind than in front and lodges the greater~palatinc vessels and * nerves 
which pass towards the incisive fossa. The p yramid a l, process (t uber cle) o f the 
palatine bone projects backwards and laterally from the pos7ero-iaf£raI~corhcr Tit 
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the hard palate. It is pierced by one or two small foramina, the lesser palatine fora- 
mina which transmit lesser palatine nerves. The surface of the vault of the 
hard palate is very rough and uneven. It is marked by irregular depressions for 
the lodgment of palatine glands and is pierced by numerous vascular foramina. 
Close in front of the posterior border on the horizontal part of the palatine bone 
there is a curved ridge, the palatine crest which gives insertion' to the tendon of tensor 
palati muscle.- The posterior border or the hard palate is free and concave and 
projects backwards opposite the median plane to form iRc posterior basal spine which 
gives attachment to musculus uvulae. The free posterior border gives attachment 
to the palatine aponeurosis. 

The middle part of the norma basalis 

The middle part of the norma basalis occupies the interval between the posterior 
border of the hard palate and an imaginary line drawn transversely across the anterior 
margin of the foramen magnum. On cither side it is limited by the zygomatic arch 
including its posterior root. 

When viewed from before backwards in the median plane the posterior border of 
the nasal septum Formed by the posterior border of the vo mer is seen to stand out 
prominently which separates tlie two posterior nasal apVrttiresTTJelund the posterior 
oorder of the vomer is a broad piece of bone formed by the'fusion or the body of the 
sphenoid and 'the basilar part of the occipital bone. Closely behind the posterior 
border oflhe vomer on this is a rounded elevation, the pharmr caLiuberde which gives 
attachment to the^ fibrous raphe from the pharynx. *7be portion of the bone in 
fronYTjf/Wrpliaryngcal tubercle forms the roof of the pharynx and is occupied by 
pharyngeal tonsils ( Adenoid) in t he recent state. On either side ofthe pharyngeal 
tubercle the longus capitis "muscle is inserted. More posteriorly at the anterior end 
of occipital condyle the bone gives insertion to.rc ct us cap itis .anterior. 

"On iither side of the postcrior'border of the vomer, the superior border of the 
vomer spreads into two projecting alae r one on each” side, which are closely applied 
to the under-surface of the body of the sphenoid and the lateral margin of each 
articulates with the Vaginal process of the medial pterygoid plate of the sphenoid. 
The' undersurface of the vaginal process presents a groove which is converted into a 
canal anteriorly by the superior surface oi the sphenoidal process of the palatine bone 
and is known as the Palahnoiaginal canal which transmits the pharyngeal n erve from 
th e r sphenopalatine g ang lion an d thc*pharyn geal branch*lfohYThe mteffiat'maxiHa ry 
artery. Another canal known as the v omerovaginal caiiaiToccu pies thc upper surface 
of*the vaginal process of the medial pteiygoidj amina and_.tHc_ala.jof th e vom er. 
Anteriorly ifcommunicates wiflt L paIatmo-va ginal _ganal. 

On either side of the postenor~nasabapertunT and descending just behind the 
last molar tooth is the pterygoid, process of the sphenoid bone. It consists of two 
lam inae 'kno wn jas yhzjncd ial a ndthc fate/al, pterygoid-plates. Anteriorly the two 
pterygoid plates are fused together except inferioriy where 'the V-shaped interval' 
between them known as the pterygoid Jissufe is occupied by the tubercle of the "palatine 
bone. Posteriorly the two plates diverge' a part and enclose a fossa between them 
known as the pterygoid fossa which is o ccupied by .the tensor, palati and th e medial 
pterygoid muscles in the recent state. Anteriorly the margins of the p terygmd'Rssur e 
articulate with the tubercle ofthe palatine bone; above! t the anterior margin of the 
medial pterygoid plate articulates with the posteribr border of perpendicular plate of the , 
palatine bone 'and together with it the medial pterygoid plate forms the lateral wall 
of the posterior part of the nasal cavity and is covered by the 'mucoperiosteum in the 
recent state. The posterior border of the medial pterygoid plate projects, directly 
backwards and in its r mid-point it presents a small sharp bony projection (processus 
tubarius). "Just above this bonyjprojection the po§terior.border,gives attachment to 
the pharyngeal end'd/ the pharyngo-fympacic tube. Superiorly this border bifur- 
cates to enclose a shallow depressed, area known as w \ht~scaphoid fossa which gives 
origin to tensor palati muscle, Inferioriy the posterior border projects more down- 
wards than the rest of the bone and forms a curved bony process knotvn as the play- 
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gpid kamvUis. The posterior aspect of the pterygoid hamulus gives origin to the 
highest fibres of the superior constrictor muscle of the pharynx and around its lateral 
margin the tendon of the tensor palati muscle glides. The tip of the pterygoid 
hamulus gives attachment to the pterygomandibular ligament. The posterior 
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Tig. 428. The inferior aspect of the norma basalts with features and relations. 

border of the medial pterygoid plate gives attachment to the pharyngo-basilar 
fascia and thus helps to form the lateral wall of the nasal part of the pharynx. At the 
upper end of the posterior border of the medial pterygoid plate is a tubercle which 
ludes the posterior aperture of the pien^id can al which transmits the pterygoid vessel* 
and nerves. The medial surface of the medST pterygoid plate is covered by ntuco- 
ncriosteum and forms the lateral boundary of the posterior nasal aperture, jt* 
•v lateral surface forms the medial wall of the pterygoid fossa and is occupied by the 
^tensor palati muscle. 
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The anterior margin of the lateral pterygoid plate remains free above, the ptery- 
goid fissure and forms the posterior" margin of the~ ple'rygo-ma xillary fissure . Ttsposterior 
margin i$ irregular and sometimes presents a" bony projection known as the plerjgo- 
s ptnous process f S'ihich gives attachment to pterygospinous ligament which is some- 
tifnes ossmed.. The medial surface of the lateral pterygoid plate forms the lateral 
wall of the pterygoid fossa and gives origin to the deep head of the medial pterygoid 
muscle. Its lateral surface is rough and is continuous with the infratemporal surface 
of the greater wing of the sphenoid. It forms a part of the infratemporal fossa and 
gives origin to the inferior head of the lateral pterygoid muscle. Inferiorly the 
lateral aspect of the lateral pterygoid plate is continuous with the lateral aspect of 
the tubercle of the palatine bone which intervenes, in this situation, between the 
lateral pterygoid plate and the tubercle of the maxilla and gives origin to the 
superficial head of the medial pterygoid muscle. 

Lateral to the pterygoid process a part of the norma basalis is formed by the 
infratemporal surface of the greate r wing of the sphen oid bone and forms the roof of 
the infratemporal fossa. More'iSlerallyisThe suture between the greaterwing of the 
sphenoid ana the squamous part of the temporal bone and beyond this suture is the 
anterior root of the zygoma. The anterior margin of the anterior root of the zygoma 
is Continuous with the infratemporal crest on the greater wing of the sphenoid which 
separates the temporal and infratemporal surfaces of the greater wing of the sphenoid. 
Between this anterior margin of the anterior root of the zygoma and the articular 
eminence is a triangular area which forms a part of the roof of the infratemporal 
fossa. 

The infratemporal surface of the greater wing of the sphenoid in this situation 
gives origin to the upper head of the lateral pterygoid muscle which hides this area 
from view in the recent state. Lateral to the scaphoid fossa on the infratemporal 
surface of the greater wing of the sphenoid is a large oval aperture, the forame n yvale 
which transmits the mandibular nerve , the acce ssory meningeal artery an'fsbme- 1 
times Ipscr supcrficial petrosarnerve ^Lying Iatergfto the toramen ovale is \he r tpramt.iL. 
' sfiinosum winch transmits the meningeal branch of mandibular nerve (nervusspinosus) 
and the middle meningeal vessels. The auriculotemporal branch of the mandi- 
bular nerve arises by two roots is this situation and as they pass lateralwards they 
enclose the middle meningeal vessels and soon unite beyond them to form the nerve, 
trunk. Postero-medially the greater wing of the sphenoid .articulates with the 
petrous part of the temporal bone. Pr ojectin g, down wards in the angle, between / 
the s quamous and .the . petrous, pa rts of th &jethggrapbone is~abpn y~ process known as S 
the s pine oflhef pfienoid. It gives attachment to the sphenomandibular and ptcry- ) 
go spinous lig a_ments.and-to^Qme. fibres of the tensor pala ti mu scles The groove i 
on its" medial aspect is in relation uotTTth e chonfa tvmp aiii mecvc-whilc its lateral/ 
aspect is in relation with the tru nk of the auri cuToieroPQrilLneuie. +* 

The posterior border of the greater wing of the sphenoid articulates with the 
petrous part of the temporal bone and the line of fusion between the two is marked 
by a shallow oblique groove known as the sulcus lubac and lodges the cartilaginous 
part of the auditory (pharyngotympanic) tube. Anteromedially the sulcus tubae 
is continuous with the scaphoid fossa and posterolaterally it opens into the canal for 
the bony part of the auditory (pharyngotympanic) tube. The cartilaginous part 
of the auditory (pharyngotympanic) tube is sandwitched between two muscles in this 
situation, the tensor palati muscle anterolatcrally and the levator palati muscle 
postcromedially. 

Behind the sulcus lubac and between the posterior border of the greater wing of 
the sphenoid and the basilar part of the occipital^ bone is the inferior aspect of the 
petrous part of the temporal bone. Anteriorly this aspect of the petrous part of the 
temporal bone is rough and uneven and close to the sulcus lubac near the apex of the 
petrous bone it gives origin^ to the levator palati muscle which rjins obliquely forwards 
and medially along the posteromedial aspect of the cartilaginous part of the pharyn- 
gotympanic tube. Anteromedially the apex of the petrous part of the temporal 
bone is separated from the posterolateral aspect of the body of the sphenoid by an 
irregular aperture known as the foramen Jsc qum. It is bounded in front by the pos- 
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tcrolateral aspect of the body of the sphenoid and the adjoining parts of the roots of 
the pterygoid process and the greater wing of the sphenoid, 'postero-laterally by the 
apex of the petrous part of the temporal bone and medially by the basilar part of the 
occipital bone. Postcro-Iatcrally the anterior end of the carotid canal opens into it ( 
whereas the posterior opening of the pterygoid canal opens into its anterior wall ' 
In the recent state this is filled up by a plate of cartilage which. represents the rem- 
nant of the primitive chondrocranium. An . emiss a ry va n which joins the caver- 
nous sinus, some meningeal lymphatics a nd thtTTnennreeST J pran ch o Dhs. ascending, 
pharyngeal artery .traverse thisToramcn through and mrough by picrdftg'lhe'Carti- 
lage wticreawts anterior part lodges the internal carotid artery with its plexus of 
sympathetic nerves, the greater superficial petrosal nerve and the pterygoid vessels 
and nerves. The carotid plexus of sympathetic gives rise to the deep petrosal nerve 
in this situation which joins with the greater superficial petrosal nerve to form lie 
nerve of the pterygoid canal (Pterygoid nerve). 

Behind the rough anterior part of the inferior aspect of the petrous part.of the 
temporal bone is a circular aperture which forms the lower obertim of the carotid cana l 
and transmits the internal carotid artery together with" carotidplexus of nerves. 
Lateral to the external opening of the carotid canal the thin bony projection is the 
sheath of the styloid process and is formed by the tympanic part of. the. temporal 
bone. Lateral to the sphenoidal spine Is the squamo-tympanic fissure which intervenes 
between the articular fossa of the squamous part of the temporal bone and its tympa- 
nic part. At the depth of the medial part of the squamo-tympanic fissure the.down- 
tumed antero-Iateral portion of the legmen tympani forms a conspicuous projection 
and divides the squamo-tympani c fissure into petrotympanic and p etrosquamous fissures . ' 
The petrotympanic fissure lodges the anterior ii ganiehrgn h e'm511 eus_and th e ante r- 
ior tympanic branch of max illary artery. Its inner entfforms the anterior can al- 
liculiis r fo njui Kci^qlymptsni 'nerve and givesexitjo the chorda tympani nerve. 

The"artin3ar fossa formed" by' tire' squamous paitbTtKe temporal bone is deeply 
concave and articulates with the head of the mandible and forms the mandibular 
joint. Anteriorly it is bounded by a transverse eminence, the articular eminence 
into which the articular surface extends. It prevents forward displacement of the 
head of the mandible. The two roots of t he zygom atic process meet laterally into a 
tubercl e which gives attachment to the temporomandibular Ug aibeht. 

BcfuricTthe squamo-tympanic fissure the turn plate ol bone is formed by the 
tympanic part of the temporal bone, ft forms part of the mandibular fossa ana 
lodges a portion of the parotid gland to which the auriculotemporal nerve is intimate- 
ly related. Postcrolaterally it fuses with the mastoid part and the fissure between 
them is known as the tympano-maslaid fissure through which the auricular branch of 
the vagus nerve comes out. Its lower border is free and forms the sheath of the sty- 
loid process. Superiorly the tympanic part of the temporal bone is concave and 
forms the anterior wall, the floor and the lower part of the posterior wall of the bony 
external auditory meatus. 

The posterior part of the norma basalls 

The posterior part of the norma basalis commences from behind the imaginary 
line passing across the anterior margin of the foramen magnum. The foramen mag num,, 
forms the most conspicuous feature in this part and occupies the central position- 
It is roughly oval in shape being broader antero-posteriorly than from side to side* 
It communicates the vertebral canal to the posterior cranial fossa. ‘Its largest tram- 
verse diameter occupies more anteriorly than posteriorly. Just in front of its mid- 
point it is overlapped on either side by the occipital condyles. The occipital con- 
dyles arc placed obliquely so that their anterior ends are nearer the median plane than 
the posterior ends. The occipital condyles articulate with the superior articular 
facets on the lateral mass of the atlas. The anterior margin of the foramen magnum 
gives attachment to the anterior atlanto-occipital membrane which is fused posten- 
^ orly with the capsular ligament of the atlanto-occipital joint. The rough area on 
' the medial aspect of the occipital condyle together with the adjoining margin of the 
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foramen magnum gives attachment to the alar ligament. The posterior margin of 
the foramen magnum gives attachment to the posterior aitanto-occipital membrane. 
The alar ligament with its attachment on the dens (odontoid process) sub-divides 
the foramen magnum into an anterior smaller and a posterior larger compartment. 
The anterior smaller compartment transmits the odontoid process of the dens to- 
gether with the apical ligament and the membrana tectoria. The larger posterior 
compartment transmits the lower end of the med ulla oblong ata together with its 
meningesand the tonsils of the cerebellum, and lymg^irTtKe “suBarchnoid space, the 
'spinal portion of the acecy ory nerve and the ver teb ra 1 _a r t cries with their plexus of 
sympathetic nerves ascend an'cTTKc" anterior, and the posterior s pinal arterie s des- 
cend through the foramen. The anterior spinal artery "descends m Front "of the 
brain stem in the median plane whereas the two posterior spinal arteries, one on each 
side, descend on the posterolateral aspect of the brain stem. The two tonsils of the 
cerebellum descend, one on either side of the medulla oblongata. 

At the anterior end of the occipital condyle is the opening of the (anterior con - 
djlar canal) hypoglossal canal which transmits the hypoglossal nerve, the meningeal 
branch of the ascending pharyngeal artery and an emissary vein from the basilar 
plexus. Behind the occipital condyle is A depression the condylar fossa which is often 
pierced by a foramen for tlvc transmission of an emissary vein. 

Lateral to the occipital condyle is the jugular process which articulates with the 
jugular surface of the petrous part of the temporal bone. The lower part of the 
jugular process is rough and gives attachment to rectus capitis lateralis. The anterior 
margin of the jugular process is notched and together with- the petrous part of the 
temporal bone forms the ju gular foramen . The i ufmlar for a rne p .fc a large opening and 
its size depends much on the" size of the jugularTossa on the inferior aspect of the 
temporal bone. It is oblique in direction being directed upwards, backwards and 
medially. The floor of the jugular fossa lodges the superior bulb of the internal 
jugular vein and is separated from the floor of the tympanic cavity by a thin bony 
lamella. > On the lateral wall of the fossa b a minute foramen known as tht_mastoid 
canaliculus which transmits the auricular branch of the vagus nerve. The jugular 
foramen is occasionally divided into three compartments, anterior, middle and pos- 
terior by two bony spicules. The anterior comp artment transmits the 
rosal. s in us; the gl ossopharyng eal, vagus and the a ccessory nerves pass through tKe 
intermediate compartment while the posterior compartment transmits the internal 
'jugular vein. In front of the jugular foramen is the outer opening of the carotid 
canal. The ridge separating the jugular fossa from the carotid opening presents a 
small opening, the tympanic canaliculus which gives entrance to the tympanic branch 
of the glossopharyngeal nerve. 

I The styloid process projects downwards on the lateral side of the jugular foramen. 
It gives origin to the styloid group of muscles that b, thcstyloglossus, thestylopharyn- 
geus and the stylohyoid, and gives attachment to stylomandibular and stylohyoid 
ligaments. The styloglossus muscle arises from the anterior aspect, the stylohyoid 
from the posterior aspect while the stylopharyngeus from the medial aspect of the sty- 
loid process. The stylomandibular ligament is attached to its lateral aspect while 
the stylohyoid ligament is attached to its tip. Medially it is related to the internal 
jugular vein and the internal carotid artery, the stylopharyngeus muscle intervening. 

1 Laterally it is covered by the parotid gland. The facial nerve crosses its base while 
* the external carotid artery crosses its tip. Behind the styloid process is the stylo- 
mastoid foramen which gives exit to ihe facial nerve and entrance to the stylomastoid 
bl anch of the posterior auricular arlety. 

Postero-latcral to the stylomastoid foramen is the mastoid process of the temporal 
bone which projects downwards and forwards. On its medial aspect there lies the 
mastoid notch (Digastric notch) which gives origin to the posterior belly of the digastric 
muscle. Further medially close to the occipito-mastoid suture is a vascular groove 
for the lodgement of the occipital artery. More posteriorly, either lying on the suture 
between the occipital and the mastoid part of the temporal bone or on the mastoid 
part of the temporal bone is the mastoid foramen which transmits an emissary vein 
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connecting the sigmoid sinus with the posterior auricular vein. The number of 
this foramen varies anti there may be either one or two foramina in this area. 

Behind the foramen magnum the area of the squamous part of the occipital bone 
is rough and irregular. On the median plane extending from the external occipital 
protuberance up to the margin of the foramen magnum is a ridge known as the 
external occipital crest which gives attachment to the upper part of the ligamentum 
nuchac. The area between the inferior nuchal line and the margin of the foramen 
magnum gives insertion to rectus capitis posterior minor medially and to rectus v 
capitis posterior major laterally. The area between the superior and inferior 
nuchal lines gives insertion to semispinalis capitis medially and to obliquus capitis 
superior Laterally. The superior nuchal line arches upwards and laterally from the 
external occipital protuberance. Its medial part gives origin to the highest .fibres of 
the trapezius and its lateral part to occipital belly of the ocdpito-frontalis muscle 
and below the latter it gives insertion to sternocleidomastoid and spicnius capitis. 

NORMA LATERALIS 

When the skull is viewed from the sides it is seen to be continuous above with 
the norma vcrticahs, behind with the norma occipitalis, although it is demarcated by 
the salient temporal line; infront and above, it is continuous with the norma frontalis 
being demarcated by the temporal line, and in front and below, it is separated from 
the orbit and face by the zygomatic bone. The temporal line arches upwards and 
backwards from the zygomatic process of the frontal bone and soon bifurcates into 
two lines, superior and inferior temporal lines, which cross the coronal suture to reach 
the parietal bone. Running backwards, downwards and forwards from the poster- 
ior part of the parietal bone the superior temporal line becomes indistinguishable but 
the inferior one becomes more prominent and becomes continuous with the poster- 
ior root of the zygomatic process of the temporal bone. This portion of the temporal 
line roughly demarcates the mastoid part from the squamous part of the temporal bone 
and is known as the supramastoid crest. The superior temporal line gives attachment 
to the temporal fascia while the inferior temporal line marks the upper limit of the 
origin of the temporalis muscle. The comparatively depressed area below the tem- 
poral lines is called the temporal fossa. 

Temporal tossa. Boundary. Anteriorly it is bounded by the temporal surface 
of the zygomatic process of the frontal bone and by the frontal process of the zygo* 
matic bone and to a small extent by the greater wing of the sphenoid. A Y-shaped 
6uturc is seen in this area and is formed by the articulation of the frontal, sphenoid 
and the zygomatic bones. The zygomatico-temporal foramen is seen in tills area 
in the temporal surface of the zygomatic bone and transmits the corresponding 
vessels and nerves. Posteriorly it is bounded by the superior temporal line and the 
supramastoid crest. Above it is bounded by the superior temporal line. Beloit' « 
communicates with the m/ratcmporal fossa under cover of the zygomatic src.i- 
Below and laterally it is limited by the zygomatic arch. Below and medially it is separat- 
ed from the infratemporal fossa by the infratemporal crest on the greater wing O' 
the sphenoid and by a line which extends from the infratemporal crest backwards 
to become continuous with the anterior root of the zygomatic process of the temporal 
bone. 

Bones of the temporal fossa. The bones coming to the formation of the temporal 
fossa are the frontal, parietal, greater wing of the sphenoid, temporal and the zygo- 
matic. Close to the anterior boundary of the temporal fossa is a Y-shaped suture 
formed by the articulation of the frontal, greater wing of the sphenoid and the 
zygomatic bone. More posteriorly an irregular H-siiapcd suture is marked within 
the temporal fossa. The vertical limbs of the H-shapcd suture arc formed by the 
fronto-sphenoid and fronto-parietal sutures anteriorly and the temporo-sphenotd 
and the temporo-parietal sutures posteriorly. The horizontal limb being formed 
-v h Y { * 1C spheno-parietal suture. This portion of the skull where the four bones 
namely, frontal, parietal, temporal and sphenoid meet together in .the H-shaped 


303 


locomotor svsrr.M 


IOOUMUJUB. 

, . TWs is the weahest.part of the skull 
sutmc U known as ' "J^Yorm an intimate relation to t j ormc ^ by the middle 

"2 «S Sives origin to the tempo- 
temporal vessels. Almost 
ralis muscle. 


1&^" k r dncr ' a 

b ,he temporal process of Ac ^ letcs a bony tunnel 

b tNflWOS U"* 0 ' 11 LINI N£ 


CO«OHAl WTU»t l 


PARIETAL »ONl 



LAH8DOIO 5UTU*t 


MARGINAL TUM*Clt 


'MANOWIS 

""’rrt®- The rVul, wiO. .he »»*<*=• *» f '“" *« “ 


other. The upper j?° b ^ 3r ^porol^fascCrancrto 1 its ini^^par^mf a ^ee]Krj)lanMo the 


ticiai i«yti — — *. r , c .;„ The lower Doraer ui me o- - 

layer or the temporal to tta. i btrdc at the root of the zygomatic process 

origin to ' te ““““iitobr ligament. . . 




gives attachment to ‘ ? deSTm the' zyglmatic arch are the tendon of tempo- 

8 The structures that pass , d “ p , - “ d «p temporal vessels and nerves, and the 
ralis muscle, the anterior and P “ The structures that pass superficial to 
zygomatico-temporal vessels ana > superficial temporal vessels, temporal 

EM £5JSS3ffi& p£-« ^ 


HUMAN ANATOMV 


384 


Below the posterior root of the zygomatic process of the temporal bone is the 
opening of the bony external auditory meatus. Its floor and part of the anterior 
and posterior walls are formed by the posterior surface of the tympanic part of the. 
temporal bone. The outer margin of the bony external auditory meatus is rough 
and gives attachment to the cartilaginous part of the meatus. Between the postero* 
superior sector of the bony external auditory meatus and the anterior pan of the 
supramastoid crest is a triangular depression known as the suprameatal triangle. 
Infcro-medially this is often bounded by a small bony projection known as the 
suprameatal spine. The suprameatal triangle forms an important bony landmark' 
for.the tympanic antrum which lies at a depth of about 1-25 cm. from this. 

Behind the anterior root of the zygomatic process is the articular fossa and has 
already been described. 

Infratemporal Fossa. Boundary: 

Anteriorly — By the posterior surface of the body of the maxilla. 

Posteriorly — It is open. 

Medially — It is formed by the pterygoid process (lateral) of the sphenoid. 
Laterally — It is open and covered by lateral and medial pterygoid muscles. 
Roof- — It is formed by the infratemporal surface of the greater wing of the 
sphenoid and by a small part of squamous temporal. 

Contents : 

(»> Muscles — 

(1) Temporalis. 

(2) Lateral pterygoid. 

(3) Medial pterygoid. 

(4) Buccinator. 

(»i) Vessels — 

(1) Maxillary vessels and its branches in this fossa. 

(2) Pterygoid venous plexus. 

(nr) Nerves — 

(1) Maxillary nerve. 

(2) Mandibular nerve and its branches. 

(3) Chorda tympani nerve. 

The pteiygotnaxillary fissure is a triangular gap between the maxilla in front and 
the ptery goid process of sphenoid behind. It communicates the infratemporal &J* 3 
to the pterygopalatine fossa. It gives entrance to the terminal part of the maxillary 
(Internal maxillary) artery to the pterygopalatine fossa and gives exit to the maxil- 
lary nerve from the pterygopalatine fossa. 

Pterygopalatine fossa. Boundary : 

Anteriorly — By the upper part of the posterior surface of the maxilla. 

Posteriorly — By the root of the pterygoid process and the adjoining part 
of the greater wing of the sphenoid. 

Medially — By the upper part of the lateral surface of the perpendicular plate 
of the palatine bone with its orbital and sphenoidal processes. 

Laterally — It communicates with the infratemporal fossa by the pterygo- 
maxillary fissure. 

Roof— It is formed by the undersurface of the body of the sphenoid. 

Floor — It is formed by the fusion of the anterior and posterior walls. 
Communications— Five openings and two fissures open into the space. OI 
the five openings three are placed on its posterior wall and in order from 
above downwards and medially they are the foramen rotundum, pterygoid 
canal, and the palatinovaginal canal. The sphenopalatine foramen 
opens into its medial wall while the greater palatine camd opens at the 
junction of its anterior and posterior walls. It communicates— 

(1) By pterygomaxillary fissure — with the infratemporal fossa. 

> (2) By infraorbital fissure — with the orbital cavity. 

(3) By foramen rotundum — with the middle cranial fossa. 



LOCOMOfOR SYSTEM 


33 j 


(4) By pterygoid canal — with the anterior part of die foramen laccrum. 

(5) By palatinovaginal canal — with the roof of the nasal cavity. 

(G) By sphenopalatine foramen — with the nasal cavity. 

(7) By greater palatine canal— -with the roof of the oral cavity. 

Cart! fit Li; 

(l) Terminal portion of the maxillary artery' with its terminal branches. 
(21 Maxillary nerve. 

(3) Pterygopalatine (sphenopalatine) ganglion with its branches. 

(4) Pterygoid nerve. 


NORMA FRONTALIS 

The norma frontalis or the slcull as seen from the front, is roughly oval in out- 
line and is broader above than below. Above it is formed by the frontal bone where 
it is smooth. Below the median portion of the frontal bone is the prominence of the 
bridge of the nose formed by the two nasal bones and by the frontal processes of 
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the maxillae. The point on the skull at the junction of the internasal and fronto- 
nasal sutures is known as the nasion. Above the nasion the smooth elevated area 
opposite the median plane where the superciliary arches meet together forms the 
glabella . The pear-shaped openings below’ the bridge of the nose are formed by the 
25 
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anterior nasal aperture. On either side of the bridge of the nose arc the two orbital 
cavities, one on each side. On either side of the nasal aperture a part of the 
norma frontalis is formed by the bodies of the two maxillae (anterior surfaces},. 
The alveolar processes of the two maxillae form the upper jaw which contains the 
upper teeth. Interiorly the body of the mandible holds the teeth of the lower jaw. 
Lateral to the orbital opening on either side, the prominence on the face is formed t 
by the zygomatic bone and is known as the malar prominence. 

THE ORBIT 

The orbits are the two funnel-shaped hollow cavities situated one on each 
side of the nose below the supraorbital margin. The eye-ball with its muscles, 
vessels, nerves and the lacrimal gland are contained within each orbital cavity 
which forms a bony socket within which the eye ball rotates. Each orbital cavity 
consists of a base, an apex, a floor, a roof and medial and lateral walls. 

Measurements 

Anteroposterior . . . . . . 2 inches. 

Verdcal (at the base) . , . . -.If inches. 

Horizontal (at the base) . . . . ..If indies. 

The Base. The circumferential margin of the wide mouth of the funnel- 
shaped orbital cavity forms its base. It is formed by the supraorbital margin 
of the frontal bone above, the infraorbital margin of the maxilla below, orbital 
margin of the zygomatic bone laterally and by the anterior lacrimal crest medially. 

The Apex. Its apex corresponds to the optic foramen which transmits the optic 
nerve and the ophthalmic artery. 

The Roof. The roof of die orbit is triangular and concave. It is formed by 
the orbital plate of the frontal bone in front and by the lesser wing of the sphenotd 
behind. The roof separates the orbital cavity from the anterior cranial fossa. 
Posteriorly the lesser Wing of the sphenoid provides an aperture, the optic fortrm 
which transmits the optic nerve and the ophthalmic artery. Midway between 
the supraorbital notch and the nasolacrimal saturc there is either a fovea or a 
fovea vtl spina trochlearis, for the attachment of the fibrocartilaginous pulley of the 
superior oblique muscle of the eye-ball. Antero-laterally it presents a depression, 
the fossa for the lacrimal gland for the accomodation of the lacrimal gland. 

The Floor. It is formed mainly by the orbital surface of the maxilla, and * 
small part by the orbital surface of the zygomatic bone in front and laterally, and by 
the orbital process of the palatine bone behind and medially. It separates the or- 
bital cavity from the maxillary air sinus. In the medial angle of the floor is the upper 
iC Oda aesatali X2 sak to ■wVnr.b a depixs&tori vm the ‘wbfral sur- 

face of the maxilla gives origin to obliquus oculi inferior. The infraorbital groove 
or canal traverses through the middle or the floor and transmits the infraorbital 
vessels and nerves. 

The medial wall. The medial wall of the orbit is quadrilateral in shape 
and difFcrs from the other walls which arc triangular. The medial walls of the l""® 
orbital cavities are approximately parallel to each other. It is formed by the fron- 
tal process of the maxilla behind the anterior lacrimal crest, the lacrimal b? ne * 
the orbital plate of the ethmoid, a small part of the body of the sphenoid fn fr° nl 
of the optic foramen, and a small part, by the frontal bone above the bones just enu- 
merated. Tim wall separates the orbital cavity from the ethmoidal air sinuses > an( * 
from the anterior part of the sphenoidal air sinus. Behind the anterior lacnmaJ 
crest anteriorly there is a groove for the lacrimal sac and behind this, the postf 110 . 1 " 
lacrimal crest gives attachment to the lacrimal fascia and origin to the lacrimal 
head of the orbicularis oculi. In the frontoetlimoidal suture there are the anterior 
• nnd posterior ethmoidal foramina for the corresponding vessels and nerves. 
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The lateral wall. The lateral wall Is formed by the orbital surface of the 
zygomatic bone and by the orbital surface of the greater wing of the sphenoid. On 
the orbital process of the zygomatic bone about 1 1 mm. below the fronto-zygomatic 
suture is the orbital tubercle (tubercle of Whitnol) for the attachment of the check 



ligament of the rectus lateralis, part of the aponeurosis of the levator palpebrae 
superioris, suspensory ligament of the eye-ball and the lateral palpebral ligament. 
The zygomatico-orbital foramina on this wall transmit the corresponding vessels and 
nerves. At the junction of the roof and the lateral wall there lies the superior orbital 
fissure which transmits the oculomotor, trochlear, and abducent nerves and the 
three branches of the ophthalmic division of the trigeminal nerve, a few filaments 
from the cavenous plexus of sympathetic nerves, the orbital branch of the middle 
meningeal artery, recurrent meningeal branch of the lacrimal artery and the ophthal- 
mic veins. At the junction of the lateral wall and the floor there lies the inferior 
orbital fissure which transmits the maxillary nerve, the inferior orbital vessels and 
nerves, zygomatic nerve and a few filaments from the pterygopalatine (spheno- 
palatine) ganglion to supply the periosteum of the orbit. 

Contents of the orbital cavity. It contains the peripheral organ of sight, 
(the eye-ball) surrounded by the ocular muscles and fascia, a quantity’ of fat, a few’ 
blood vessels, nerves and the lymphatics of the eye-ball. 

^INTERIOR O F THE B ASE OF THE CRANIUM] 


When the skull cap is removed the interior of the base of the cranium becomes 
exposed. From before backwards this side of the skull looks to be most irregular 
and can be divided into three natural hollos vs distinct from one another by irregular 
bony landmarks. These are step-down hollows when looked from before back- 
wards, thus the anterior hollow is on a higher level than the middle one and the 
latter is on a higher level than the posterior one. The anterior hollow is known as 
the anterior cranial fossa , the middle — the middle cranial fossa and the posterior— 
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the posterior cranial fossa. The interior of the base of the cranium forms the floor 
of the" cranial cavity. 


THE ANTERIOR CRANIAL FOSSA 

The anterior cranial fossa is the highest of all the cranial fossae and it is bounded 
in front and laterally by the frontal bone; behind b>' the limbus, sphenoidaleand 
by the posterior border of the lesser wing of the sphenoid. Its floor is formed by the 
cribriform plate of the ethmoid, cerebral surface of the orbital plate of the frontal 
bone and by the cerebral surface of the lesser wing of the sphenoid. It lodges the 1 
inferior aspect of the frontal lobe of the brain being separated by the meninges and 
the meningeal vessels. For descriptive purposes it may be divisible into a central 
or median portion and two lateral portions. 

Central or median portion. Most anteriorly opposite the median plane on the 
internal aspect of the frontal bone is a ridge-like elevation formed by the lower cr.dcf 
the frontaLnest whi ch cives atta chment to Jhc-anterior.cnd.of the. falx ccrchri co n- 
taining’m between Its two layers the superior sagittal sinus. Trace3"upwardJ,the 
frontal crest bifurcates to enclose ' a longitudinal "groove, the sagittal sulcus, 
which lodges the superior sagittal sinus and the margins of the groove give attach: 
ment to the two layers of the falx cerebri. Just behind the frontal crest the trian* 
gular bony prominence is formed by the crista galli of the ethmoid which gives 
attachment to the anterior end of the falx ccrcCn. in between the crista galti and 
the frontal crest is a foramen, th e foramen caecum w hich transmits an c missary^y em 
wh ich joins the superi or s agittal Hmig'U , lflf '[h c c 'veins of the nasaf fossa. On other 
side of the crista gafifand cxtcndingbackwards behind it, is a perforated plate of 
bone, the cribriform plate of the ethmoid which intervenes between the nasal and 
the cranial cavities. There are three rows of foramina on it which transmit the 
olfactory nerves from the nasal cavity, the most medial ones from the septum of the 
nose, the lateral ones from the lateral wall while the intermediate ones from the 
roof of the nasal cavity. Posterior to the cribriform plate is a broad relatively 
flat area formed by the anterior part of the body of the sphenoid and is known as 
the jugum sphenoidale which lodges the gyrus rectus and the olfactory tract on either 
side of the median plane. Posterior to the jugum sphenoidale is a transverse ridge 
known as the limhu sjphtn oidale which forms the posterior limit of the anterior cranial 
fossa. The limbus sphenoidale forms the anterior boundary of a transverse groov* 
known as the optic groov e which lodges the anterior part of the optic chiasms. The 
optic groove leads iSXPTally into Xhc _otlic foramen w hich transmits the ophtlia)gn c _. 
artery and the optic nerve, the former lying lnicioiatcral to the latter. ' 

~ Lateral portions. The two lateral portions of the anterior cranial fossa, one on each 
side of the median portion, arc formed mostly by the orbital plate of the fronte! 
bone and partly by the lesser wing of the sphenoid. The orbital plate is marked by 
irregular impressions for the lodgement of the gyri on the inferior aspect of the frontal 
lobe of the brain and is also marked by vascular impressions for the meningeal 
vessels. The orbital plate separates the anterior cranial fossa from the orbit as 
well as from the ethmoidal air sinuses. On either side of the cribriform plate it 
overlaps the superior aspect of the labyrinth of the ethmoid and thus complete 
the upper wall of the ethmoidal sinuses. Roughly opposite the middle of ,hc 
ethmoidal labyrinth is a foramen which leads to a canal, the ^nteri oTethmold ^ ar ^ll 
which connects the anterior cranial fossa with medial wall of The orbit andtransriuu 
the anterior ethmoidal vessels and nerves . Posterior to the opening of the anterior 
ethmoidaT canaT a t ’the posterior part of th e ethma idftl-lahy nnthjs t he opening OJ 
the posterior ethmoidal canal which also opens on the medial walToTthe orbit and^ 
transnuts’The^posterior' ethmoidal vessels. Lying behind the orbital plate of 
frontal bone is the lesser wing of the sphenoid wluch overhangs the superior orbital 
Assure and the middle cranial fossa and ends into a rounded border posteriorly* 
It forms the posterior border of the lesser wing of the spharoid which in the recent 
state fits into the lateral cerebral fissure. On its inferomedial part it lodges the 
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sp henoparietal sin us. Traced medially this border ends into a rounded process 
known as~the anterior clirto id proc ess which gives attachment to the anterior end ofjhe 
Free border of.tEelTentbKu^cereheH L The lesser sung is attached*'to'tKe~body of 
the* sphenoid by two roots which enclose between them the optic foramen. 

THE MIDDLE CRANIAL FOSSA 


The middle cranial fossa consists of a central or median elevated area and two 
Lateral hollows, one on each side of the central portion. 



Centra l or mediar j^portion. The^cen traitor median-portion -of_the.middle cranial 
fos sa i s formed, byluic jsodyjsf the sphenoid. It is bounded in front by the limbus, 
sphenoidale and bounded behind by a square plate of bone known as the dorntm~ulla£^ 
just behind the limbus sphenoidale is a transvese groove, the optic 
lodges the anterior part of the optic chiastna. Tire optic groove leads laterally 
into the optic fora men .which transmits the optic nerve and the ophthalmic artery. 
Behind theopuegfobve is a rounded ctevatKm^knowrTas the tubercuinm stljac. The 
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inconspicuous bony projections on either side of it (lying on a more posterior plan?) 
arc formed by the middle clinoid processes which are occasionallyjoincd with theanterior 
clinoid processes I»y T a T t55Tr5 e prbcas “and a foramen is formeiToti cacTnSdrTnown 
3 "Xti ^cnrch'{M!iMi~d~J eramen which transmits the inte rnal ca rotid ^ar jery. The , 
tubcrcuIuni'~seliac~t5gctFiIr with the middle clinoid processeTTuniuTThe anterior i 
boundary of a deep depression known as the sella lurciea or the. A? , />oM»fa/ wh ich 
lodges the hypophysis cerebri or the piluifiiry - body/ Foslcro-superiorly "tHeTelU 
turcica is overhung by a square plate of bone known as the d orsum sellae . 'Hie 
supero-lateral corners of the dorsum sellae form rounded bony“ r processcs known 
as the bosterior clinoid b rocesses. The posterior clinoid process gives attachment to 
the anterior end of the attached border of th e tentorium ccrrbdli. Loner down on 
either side of the dorsum sellae is a groove which lodges thccomtncnccment of th« 
inferior petrosal, sinus . The gap between the donum sellae and the tubcrailuro . 
Ycllae u bridged over by a process of duramater in the recent state known as the - 
diaphragm sellae which has a central hole for the transmission or the stalk or the 
infundibulum of pituitary body. The stalk of the pituitary body connects the latter 
with the floor of the third ventricle of the brain. On cither side, the centrat portion ’ 
of the middle cranial fossa which is formed by the body of the sphenoid, becomes 
continuous with the lateral hollows and at the junction of the two is a tyidt 
anteroposterior groove known as the carotid -which lodges the rgvrrnou; nm* 
containing \yipnn it the inrrr pal raifijj t L~arrcT t •''o phthalmic, * o ciilofflotorr t rochleat 
and abduccntjicryes.' 'ITmcentral point of the carrnu" u ism us corresporidj Id s 
point externally on the upper border of the zygomatic arch opposite die tubercle 
at the root of the zygoma. 

Anteriorly the central portion of the middle cranial fossa is separated from the 
nasal cavity by the intervening sphenoidal air sinus contained within the bodv of 
die sphenoid. 


LATERAL PART OF MIDDLE CRANIAL TOSSA 

Each lateral part of the middle cranial fossa forms a deep hollow chamber on each 
side of the median elevated portion. Each chamber contains the temporal lobe 
of the brain and is formed by the greater .wing of the sphenoid, and squamo us and 
petrous parts of the temporal bone. It is bounded in Front by the lesser wing oj 
the sphenoid and behind by the superior border or die petrous part of the temporal 
bone; laterally by the squamous temporal, greater wing of the sphenoid, and above 
the former by the parietal bone; medially it becomes continuous with the fellow 0 * 
its opposite side across the elevated central part of the middle cranial fossa. Anterior- 
ly each lateral hollow is related to the orbital cavity, laterally to the temporal fos», 
the bony wall intervening, and inferiorly to the infratemporal fossa being separated 
by the bone on the floor of the fossa (greater wing of sphenoid). 

Anteriorly each, lateral part is communicated to the orbital cavity by an oblique 
fissure known as the submar orbital fissu re which intervenes between the great cr aco 
lesser wings. The superior orbital itssiire transmits the oculomoto r, trochlGg^and 
abducent nerv es, thc thrcc branches of the o phthMmic ^ivisiolTof Jhe^gcnny * 
nerve (frontal, lacrimaf and~tiasociliary) and~Pic" orbitarbra rich qfjhejmidd ,( j 
meningeal artery from cranial to the orbital cavity , and lrom~orbita l to th e cranf 1 
cavity T the recurrent memngcaThranch ofUielacrimal ar t m r iItTd~t?re~ ppmn 3hP^ 
veins . Just bchincTthc superior orbital fissure is a rounded foramen known as the 
j ordmtn rotundu m which communicates the middle cranial fossa with th «* ptmgoP3r- 
JaluJEES^^d transmits fhr maYrllnry nerved Behind the loramen rotundum at 
a distance oFabout 1 .25 cm. from it, close to the posterior border of the greater 
wing of the sphenoid, is the f oramen crate which communicates the mi ddle cran ial 
fossa with the infratemporal fossa ancTfetnsmits the .ma ndibular - n erve, -a ccr s;cri> 
meningeal artery an d sometimes th e lreejr jwprrfirinl pr-irWCp" nT rve?’ CTlcraT 
foramen andTnecFTal ro die spine'of the sphcnoScTJs a small roundetl/oramcn, the 
, foramettsbinaspn which transmits the middle meningeal arte ry and the rneningepi- 
' branch ofm aridibular nerv e. The trunk of the middle muf mgual ' ar tery after enter*- 
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%£*%*** foramen spinosum Se z ygomaSc arch "\ShU point 
up to a point on *0 tjPP" bu and th(; internal ? ud nory wll '; ch arc occupied by 
the outer margin or the o . and posterior branenes ^ groove for the 

the groove bifurcates m . ranc hes of the artery respe (hc an tero-inlenor 

tile anterior and posteno ,i lc point o f tenonjo . 1 ] , f onn s a bony 

anterior branch ascends « giving out 

angle of the parietal bone '' he « ur , hcr ascends towards h emiddle men.n- 

tunnel. The course of the & ™ ^ of the anterior d,« on o ^^ nation 

branches correspond mg to the D on (hl . vertex midway ^bifurcation 

geal artery and Brolly S branch of the E' 0o ': c ,^I ,! MC ends upwards and back- 



THE POSTERIOR ®AN1 the cranial fossae 
The posterior cranial ^“^‘’'t.nd'the'meduHa ‘’^^'veSerafcSal forms 
n^m^^^b S eommuiiicatest^epost«h»rlsmma'o i sa 1 | Jhe^oiKrio^pm^of^iie 

tioraltone ’ 

part and the postenor ^rf of t £ parietal bone. . of the body or 

part by the postero-infenor g sellae, the %**™ u T iolly by the squam- 

Anteriorly it is bounded by 0 f tire occipital*) 011 ’i' occ ipltal protuberance; 

the sphenoid and beLv the level of the / the mastoid parts 

angle of the pane, a, 

the *Trfe Svte pir. of the occipital bone. ^ ^ l,e divisible into three 


of the temporal bonc .’ f * rt of the occipital bone- can b c divisible into three 

k° nC por^ purposes o'fdescriptloirtlie^ 0 ^^^^^ portions one on each side of the 
parts-median or central portion 
central portion. 
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fMONTAL A1A SINUS 
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rri atcoio mania vs 


iig A paramedian section of the skuU 10 show Ac light lateral v> all and floor 

of the nasal canty. 
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Each nasal concha hides a space on its lateral aspect known as the meatus and 
from above downwards there arc the superior, middle and the inferior meatuses of 
the nose. 

The superior meatus of the nose is situated at the upper and posterior part of the 
lateral wall and is roofed by the superior nasal concha. The posterior ethmoidal air 
cell opens into it. The superior nasal concha is separated posteriorly from the 
anterior surface of the body of the sphenoid by a narrow recess known as the spheno' 
ethmoidal recess into which the sphenoidal air sinus opens. 

The middle meatus of the nose lies under cover of the middle nasal concha and 
intervenes between the superior and inferior nasal conchae. Anteriorly it is prolonged 
upwards into a narrow passage known as the infundibulum into which the frontal and 
the anterior ethmoidal air sinuses open. The middle ethmoidal air cell projects 
into this meatus to form a rounded swelling known as the bulla ethmoidalis and opens 
into it. Into its middle part the maxillary air sinus opens. 

The inferior meatus of the nose is die longest of all and is hidden from view by the 
inferior nasal concha. At its anterior part the naso-lacrimal canal ends which 
contains the naso-lacrimal duct in the recent state. 

The anterior nasal aperture is pear-shaped being broader below than above 
and opens into the face. It is formed by the nasal bone and the maxilla. 

The posterior nasal aperture communicates each nasal cavity to the nasal 
part of the pharynx and through the latter to each other. It is bounded above by 
the undersurface of the body of the sphenoid, below by the horizontal plate of the 
palatine bone, medially by the posterior part of the vomer and laterally by the medial 
surface of the medial pterygoid plate. 



ARTICULAR SYSTEM OR ARTHROLOGY 

In an analysis of the skeletal frame-work of the bodies of animals including man 
it is observed that numerous bones of various shapes and sizes come to the formation 
of the skeleton and that they (bones) are variously united together to form ''joint”. 
Thus the whole skeleton is built up on a joint-system in which the participating 
bones or cartilages in a particular joint are cither immovably united together or they 
are united in such a way that spaces are left between the participating members 
of the joint so as to allow movement between themselves. 

The mechanics of joints. The mechanism in a joint varies with the functions 
of the joint. In an immovable joint the bony contour of the surfaces of the arti- 
culating bones is rough and irregular and the apposed surfaces arc united together 
by either fibrous bands or by cartilages and there is no space between the articulat- 
ing bones. Additional fibrous bands known as ligaments connect the articulating 
bones at their free surfaces to make the joint well-secured and fixed. These Joints 
are meant for providing either a rigid frame for other movable attachments (joints) 
in connection with them or they provide a larger mass for movement as a whole of 
the particular part of the body or they provide a larger surface area for attachment 
of the soft parts. 

In a movable joint the mechanism is quite different. The bony contour of the 
surfaces of the articulating bones are usually smooth and regular; there is a joint 
cavity between the articulating bones which permits sufficient movement between 
them; by virtue of their mobility these joints are less unsound in their stability. 
Ligaments form the basis of connection between the articulating bones. Muscles 
are superimposed over the ligaments in most cases to provide additional support 
and power for movements. Depending on the nature of the joint the movements 
occur in a particular axis or in different axes. In most joints the movements take 
place on the engineering principles of "lever action”. 

“Lever Action ‘\ Any movement that takes place with the help of a “lcyer” is 
called the “lever action”. A mechanical lever consists essentially of a rigid bar, 
straight or bent, which has one fixed point about which the rest of the lever moves. 
The fixed point is called the fulcrum while the perpendicular distances between the 
fulcrum and the lines of actions of effort and the weight arc known as the, arms 
of the lever. . 

Mechanically three classes of levers can be identified Such as class I, class Hand 
class III levers which increase the efficiency- of movement in the descending order. 

Class I lever. With this type of lever the movement is very free even with least 
effort. Here the fulcrum is between the lines of action of weight and the effort. 
In the accompanying diagram it may be noted that the effort E and the weight VV 
act on opposite sides of the fulcrum F. 



Fig. 435. First class Fig 436. Second class Fig. 437. Third class 

lever. lever. lever. 

Class II lever. These types of levers work with some mechanical disadvantage 
for which greater effort is necessary- for a particular movement. Here the lines ot 
effort and the weight act on the same side of the fulcrum but the line of effort is ata 
greater distance than the line of the weight. It may be noted in diagram 43b 
that the effort E and the weight W act on the same side of the fulcrum 1* hut the 
former acts at a greater distance than the latter from the fulcrum F. 
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Class III later. In these levers the movement is executed at the expense of a 
still greater effort than the class II levers. Here also both the lines of effort and wei- 
ght lie on the same side of the fulcrum but die line of the effort is at a lesser distance 
than the line of the weight from the fulcrum {vide diagram 437). ^ 

JL fj 


SUBDIVISIONS OF THE JOINTS 


n 


In order to study the joints, and for convenience of description, joints may be 
classified in cither of the two ways, according to the nature of the connecting medium 
or according to the functions: 


(A) According to the nature of the connecting medium! 

(1) Fibrous. 

(2) Cartilaginous. 

(3) Synovial. 



FIBROUS JOINTS 


In fibrous joints the bones entering into the articulation are connected to- 
gether through the medium of 
fibrous tissue and functionally they 
are immobile. The fibrous joints 
may further be subdivided into 
sutures, gomphosis and syndes- 
mosis. * 

Sutures. Sutures are only, 
peculiar to the cranial bones where" 
articulating bony edges are firmly 

interlocked to each other and are c ... 

joined together by a thin layer of. ^ m 

fibrous tissue known as the sutural ligament. According to the nature of the 
articulating margins of the bones the sutures are further divided into the following 
sub-groups: 



(a) Sutura senata. In sutura serrata the bones articulate with each other by 
serrated margins as in the articulation between the two parietal bones 
(sagittal suture). 

(fc) Sutura dentievtata . In this variety of suture the bones articulate with each 
other by tootMike processes as in the articulation between the mastoid 
part of the temporal bone and the occipital bone. 

(c) Sutura squamosa. In this, two bones articulate with each other by bevelled 
margins which overlap each other. The example for this is seen in the 
articulation between the squamous part of the temporal bone and the 
parietal bone. 

(d) Sutura limbosa. It is a serrated suture whose margins overlap each other. 

(e) Sutura plana. ■ In plane sutures two bones articulate with each other by 
simple apposition as between the horizontal part of the palatine bone and 
the palatal process of the maxilla. 

(/) Schindylesis. Schindylesis or a wedge and a groove joint froms a variety 
of cranial articulation where a bony wedge fits into a groove, as for exam- 
ple the articulation between the rostrum of sphenoid and the fissure 
between the alae of the vomer. 


Gomphosis. This is also peculiar to the cranial articulation; here the articula- 
tion takes place by insertion of a peg into a socket, as for example, the articulation 
between the tooth and its socket. 
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Syndesmosis. In this subgroup of the fibrous joints the opposed bony surfaces 
articulate with each other by an Interosseous ligament, as for example, the inferior 
tibio-fibiilar syndesmosis. 

CARTILAGINOUS JOINTS 


In cartilaginous joints the opposed bony surfaces are joined together by 
means of an intervening cartilage. Functionally these joints are either absolute!) 
immobile or only partially mobile. Cartilaginous articulations form two distinct 
varieties and are sub-grouped into primary and secondary cartilaginous joints. , 



Primary cartilaginous joints. These arc the articulations where the opposed bony 
surfaces are united together by means of a cartilage which later on undergoes ossi- 
fication and the two different bony parts entering into the articulation no longer 
cxjst as separate units but they become osseously continuous with each other, as 
for example, the union between the epiphysis and the .diaphysis of a long bone. 

No movements are permitted in these joints. V 

Secondary cartilaginous joins. Here the intervening cartilage remains patent 
throughout Inc, as for example, the articulation between the two vertebrae or the 
articulation between the two pubic bones (symphysis pubis). Limited range of 

movements is permitted in these joints. 


SYNOVIAL JOINTS 


Of all the joints the synovial joints are most mobile and the bones entering 
into the articulation are primarily joined together by a capsular ligament which U 
lined internally by the synovial membrane. 

Characters of synodal joints: . 

(1) The bones entering into the articulation are completely surrounded by 
rry\ £5P 5l ' ar hgament which is lined internally by the synovial membrane. 
v*v 1 he bony ends entering into the articulation arc covered with articular 
cartilage. 

(3) Within the synovial lining there is always a potential space known as the 
joint cavity. 

(4) The joint cavity may be completely subdivided into two compartment 
by an intervening articular disc or there may be intra-articular cartilage 
or menisci. 


(5) AU synovial joints are characterised by their extreme mobility. 

' . Synovial membrane. Up to the fourth month of intrauterine life a dinrthro- 

dial joint cavity is completely lined by a stratum of mcscnchymatous tissue which not 
only covers the inner aspects of the capsular ligament but also covers the articular 
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cartilage entering into the formation of the joint. Later on, the synovial membrane 
differentiates from this layer of mesenchymatous tissue. During fifth month of 
intrauterine life when active intrauterine movement begins, the synovial membrane 
lining the articular cartilages becomes rubbed off due to pressure and friction. At 
birth, the synovial membrane still encroaches to a slight extent on the margins of 
the articular cartilage but soon it disappears from there with the institution of greater 
range of movement. 

Distribution. The synovial membrane lines the interior of the capsular ligament. 
In places where the capsular ligament is attached to the bone at some distances 
from the articular cartilage, as in the upper end of the femur, it also lines the bone 
between the capsular ligament and the articular cartilage. It also invests the intra- 
articular structures, such as the long tendon of the biceps brachii in the shoulder 
joint and the cruciate ligaments in the knee joint; it also covers the sub-synovial 
pads of fat which project into the joint cavity. It may be thrown into folds to form 
synovial z Uli. Occasionally a bag of synovial membrane comes out through some 
opening in the capsular ligament and acts as a bursa for the neighbouring muscle. 

Depending on the tissues on which the synovial membrane hes the latter shows 
variation in structure and on this basis it is often classified into f ibrous , areolar. and 
adipose types. 

Areolar type. It covers those parts of the joint which are not subjected to strain 
or pressure. Structurally it consists of a deep layer of loose connective tissue and a 
surface layer of collagenous fibres interspersed with fibroblasts, macrophages, leuco- 
cytes and wandering ceils. 

Fibrous type. It covers those parts of the joints which are subjected to strain and 
pressure and also it covers the intra-articular ligaments and tendons. Structurally 
it consists of deeper dense connective tissue and a more cellular surface layer of cells. 

Adipose type. It covers the subsynovial pads of fat which project into the joint 
cavity. Structurally it consists of a single layer of cells on the surface and a deeper 
thin connective tissue layer. 

Structure. The synovial membrane consists of three layers, a thin layer of 
loose, cellular connective tissue which lines the articular capsule, a layer of flattened 
or polygonal cells (Synovial cells) which lie on the free surface and a layer of 
network of small blood vessels which lies beneath the surface layer of cells. 

The cells over the free surface are modified connective tissue types and are 
not of mesothelial types as was known before. The loose, cellular, connective 
tissue layer consists of some thin collagenous fibres, a few elastic fibres and a large 
number of different types of connective tissue cells (fibroblast, mast cells, plasma 
cells, histiocytes, mesenchyme cells, pigment cells). 

Function. The synovial membrane is concerned in absorption from . the 
joint cavity and this is more manifested where it covers the loose connective tissue 
and the subsynovial pads of fat. Over the subsynovial pads of fat it is often redupli- 
cated and the cells over them are often thrown into small complicated folds 
which have some appearance of the villi. In some of the diarthrodial joints, specially 
in the knee-joint, this arrangement is conspicuously marked and thus allows a very 
rapid absorption which readily accounts for the occasional appearance of septicemia 
in acute traumatic infections of this joint. Experimentally it has been repeatedly 
shown that absorption is greatly accelerated with movement of the joint. This 
fact obviously affords important bearing on the treatment of chronic arthritis with 
effusion of fluid into it. 

The synovial membrane secretes a glairy synovial fluid which effectively 
lubricates the articular surfaces and thereby prevents gross friction. 

The synovial fluid secreted by the synovial cells provides nutrition to the arti- 
cular cartilage of the joint. 

Subsynovial pads of fat serve mechanically for_the_purpose of filli ng up th e 
changing spaces which occur during movement of a joint. As (oTexample, the 
subsynovial pad of fat of the olecranon fossa which, when the elbow ts flexed, fills 



100 


HUMAN ANATOMY 


up the olecranon fossa by the pressure of the triceps whereas during extension it i 
filled up by the olecranon process. 

The synovial cavity may be in communication with the bursal sacs in tk 
neighbourhood of the joint. 

Articular cartilage. The articular cartilage of the bony ends of a diarthrodial 
joint is of the hyaline variety and presumably this is the persistent unossified layer of ■ 
cartilage from which the whole of the bone has been developed. This hyaline 
articular cartilage is completely avascular and is devoid of any nerve supply. It 
has neither a perichondrium nor a synovial covering. It presents a smooth glistening 
appearance and is kept lubricated by the synovial fluid. 

Structurally the articular cartilage consists of several layers of cartilage cells 
and those covering the surface are of flattened types while those overlying the bone 
show signs of calcification. The presence of flattened type of cells in the surface 
area indicates degeneration and gradual disintegration of the cells of this area and 
presumably these cells are continually replaced by proliferation of the cells of the 
intermediate layer. 

Nutation of articular cartilage . From the point of view of reparative power and 
its reactions to irritants the articular cartilage may be divided into peripheral and 
central parts which differ in their source of nutrition. The peripheral portions of 
the articular cartilage being in close proximity to the vascular synovial membrane 
derive their nutrition from the same while its central portion derives its nutrition 
from the synovial fluid. 

Experimental works done by Fisher show that when the peripheral portion of 
the articular cartilage is damaged experimentally it is completely regenerated and 
replaced by formation of new cartilages whereas when the central portion is inched 
it is replaced by formation of fibrous tissue. Clinically in some chronic arthUtis, 
the articular cartilage is also completely destroyed due to toxic influences and its 
peripheral portion regenerates by active growth while its central portion remains 
eroded and thus forms ‘lipping’ of the articular margin. 

That the synovial fluid provides nutrition for the articular cartilage is proved 
by the observation that isolated fragments of articular cartilage, which have b« n 
detached by injury and lie free in a joint cavity, not only survive but also show' sign* 
of continual growth. Sucli detatclied surviving cartilage within the joints « 
popularly known as ‘'joint mouse”. 

Inlta-arlicular menisci. In some synovial or diarthrodial joints, discs or mem 50 
of Gbrocartilage are found to be interposed between the articular surfaces of die 
bones. In some, they arc complete as sn the temporomandibular and stemocU«* 
cular joints, and they completely separate the articular surfaces on the bones, while 
in some others, they are deficient centrally and are semilunar or rounded in shape i.e., 
tiie semilunar cartilages of the knee joint. Developmental])' they are the persistent 
organised portions of the embryonic articular discs which are usually found in 3 " 
synovial or diarthrodial joints. 

Functionally they serve to compensate for the incongruity of articular surfaces 
between which they are interposed. They also act as buffers in minimizing the 
shock of impact between the articular surfaces. 

The menisci are supplied with nerves which maintain some sensory function 1 
in that with rapid pressure changes within the joint these nerves form a basis oi a 
reflex arc in which rapid muscular control of the joint is brought about. . 

It is interesting to note that semilunar cartilages of the knee-joint are capable 
of rapid regeneration after operative removal of the same. The process of regenera- 
tion is supposed to be the result of a cellular reaction in the synovial membrane which 
leads to the production of dense fibrous tissue and thereby forms the basis of a »’ cvf 
menisci. 

Subdivisions of synovial or diarthrodial joint. Synovial joints or diarthroscs are 
divided into different sub-groups according to the nature of movement permitted in 
such joints. The following varieties may be noted. 
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(0) Enarthrosis or ball and socket joint. In this a spheroidal articular surface 
articulates with a concavity which forms the socket. All sorts of movements, i.e., 
flexion, extension, adduction, abduction, rotation and circumduction, are permitted 
in these joints. Examples — shoulder and hip joints. 

(1) Condylarthrosis or condyloid joint. In this variety of synovial joints the articular 

surfaces arc more conspicuously ellipsoid and the movement of flexion, extension, 
adduction, abduction, etc. are permitted but n o active rotation takes p lace. 
Examples — wist joint, metacarpophalangeal joint, etc. - * 

(r) Saddle joint. In tills variety of joints the articular surfaces are concavo- 
convex in opposite direction. Movements in this joint arc complicated, and flexion, 
extension, adduction, abduction with slight rotatory movements may take place in 
this joint. Examples — carpometacarpal joint of thumb. 

. (d) Ginglimus or hinge joint. In this variety of joints movement only takes 
place about a transverse axis, that is, flexion and extension. Examples — elbow joint, 
mtcrphalangcal joints. 

(e) Trochoid or pivot joint. This type of joint only allows movement about a 
longitudinal axis, i.e. rotation. Examples — superior radio-ulnar joint and the 
articulation between the first and second cervical vetcbrac. 

•; (jj Arthrosis or plane joint. In this only some sort of gliding movement is permit- 

•: ted. Examples — intcrcarpal and intcrtarsal joints. 

{B) SnlxH visions of the Joints according to the movement t 

(1) Synarthrosis 

(2) Amphiarihrosis 

(3) Diarthrosis 

(1) Synarthrosis or immovable Joints. Under this sub-group the sutures of the 
fibrous joints and the primary-cartilaginous joints are included. 

(2) Amphiarthrosis or slightly movable joint. Limited range oF movements is 
permitted in these joints and they include the syndesmosis of the fibrous joint 
and the secondary cartilaginous joints. 

(3) Diarthrosis or freely movable joints. These joints are extremely mobile and all 
of them fall under the sub-group of the synovial joint. ^ -- 

Development of joints. The series of events in a developing joint can better 
be understood in following the changes in a developing limb bud. Structurally the 
earliest limb bud is a bag of ectoderm tightly filled -in with a mass of undifferentiated 
mesenchymal tissue. With the growth of the limb bud, the central mesenchymal 
tissue becomes condensed and at first becomes segmented into three parts corres- 
ponding to the three main portions in each limb bud (arm, forearm and hand in the 
upper hmb,and thigh, leg and foot in the lower limb) and between the two condensed 
portions there intervenes a plate of undifferentiated mesenchymal mass. The con- 
densed mass subsequently develops into cartilage which is surrounded by the peri- 
chondrium. The perichondrium of one segment is continuous with the perichon- 
drium of the other and the plate of undifferentiated mesenchyme intervenes between . 
the segments being attached at its circumferential margin to the bridging perichon- 
drium. The bridging perichondrium that connects the two cartilaginous segments 
constitutes the primary capsule and the undifferentiated mesenchymal disc between the 
two constitutes the joint disc. 

Subsequently, changes take place in the mesenchymal joint disc and at the 
same time the cartilaginous segments become ossified and the perichondrium becomes 
the periosteum. Depending on the subsequent function, the mesenchymal joint disc 
is either converted into fibrous tissue or into a fibrocartilage or it undergoes lique- 
faction to form a joint cavity. Where the joint disc is converted into fibrous tissue 
the latter connects the two segments of the developing bone and the resulting joint 
is a fibrous joint. In a similar way the secondary cartilaginous joint is developed — the 
joint disc becomes a fibrocartilage. The primary cartilaginous joint is associated with 
a developing long bone. 
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By the tenth of week of foetal life the joint discs in the synovial joints begin in 
liquefy and break down at their periphery to form cavitation. The cavity then 
extends towards the centre and a joint cavity is formed which is at first small and 
irregular. Ultimately the whole disc is replaced by a cavity e-xcept a thin layer of 




disc mesenchyme which overlies the bony ends entering into the articulation 3nd die 
inner aspects of the capsule. This persisting thin layer of the disc mesenchyme 
becomes flattened to form the synovial membrane. Subsequently, due to pressure and 
friction, the synovial membrane overlying the opposed surfaces of the bony raw 
disappears. 

Blood Supply of joints. AH joint-structures except the central portions of 
the hyaline articular cartilages are supplied by the periarticular anastomoses and by t« e 
chculus vasailosus. Offsets from these vessels supply the adjacent bones as well as me 
other joint-structures. Some of these vessels pierce the articular capsule in the sy no- 
vial joints and form a rich network in the synovial membrane where they run into 
capillary bed. Some of these capillaries lie just beneath the free surfaces ot the mem* 
brane and this accounts for the occasional efTusion of blood in the joint cavity that 
often occurs after injury to a particular joint. 

Periarticular anastomoses. Around each joint, particularly around the joints of 
the limbs, arteries anastomose freely with one another forming what is known as 
periarticular anastomosis. This type of free anastomoses around a joint is respon- 
sible for the efficient collateral circulation, in case, some of the arteries are blocked or 
-^damaged as a result of injuries in the form of fracture or dislocation of a particular 
’nt. 
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Circuhts v ascuhsut. It is a definite form of periarticular arterial circle that su- 
rrounds a joint am! lies between the capsular ligament and the synovial jnembrane at 
their attachment to the bone. 

In a growing bone where the epiphysis is still cartilaginous, no blood vessels 
are seen to grow into the epiphysis except during the process of ossification. At 
this stage the epiphyseal plate forms a barrier between the epiphyseal arteries and the 
metaphyseal ones, which arc end arteries, derived from the nutrient artery of the shaft. 
With the union of the epiphysis with the diaphysis the two arterial systems become 
continuous with each other and the metaphyseal vessels no longer form end-arteries. 
The presence of the end-arteries in a young bone predisposes the occurrence of 
osteomyelitis in the region of the metaphysis but in the adult, there being no end- 
arteries in the region of the metaphysis, osteomyelitis docs not occur selectively in the 
region of the metaphysis. 

Lymphatics of joints. Fine lymphatic vessels are found to exist as lympha- 
tic plexuses within the synovial membrane which drain into larger lymph vessels 
and ultimately they end into the regional lymph nodes. 

Nerve Supply of joints. Joints are supplied by both cerebrospinal and auto- 
nomic nerves. All the tissues of the joints, except perhaps the articular cartilage, are 
supplied by nerves which may come from a single source or from different sources. 
When the nerves are multiple each nerve supplies a particular zone of the joint with 
some amount of overlapping with one another. 

In a moving joint the nerve that supplies a particular zone of the capsular liga- 
ment also supplies the muscle that prevents overstretching of the same zone of the 
joint capsule. This is an autonomous protective mechanism for the joints in which, 
when a particular part of the joint capsule is put on stretch, its "muscular counter- 
part” contracts sufficiently to prevent over-stretching through reflex-action. 

The functional components of the articular nerves or the neural mechanism of the joints. 
Functionally the articular nerves consists of protective , proprioceptive and trophic com- 
ponents . > The protective components are concerned in safeguarding the integrity 
of the joint-structures as explained above. The proprioceptive fibres arc concerned 
in conveying impulses about the internal condition of the joint to the higher centre 
for its governing the joint activities in respect of postures and movernents. The 
tco^tuc. compaweats, aro. iw v&sjtw&j caace.ro.ed vn. the. unurishmewt and well-being 
of the joint. 

Hiltons's Law. A nerve that supplies a joint also supplies the muscles mov- 
ing the joint and the skin over the insertions of the same muscles. 

Vital re-actions of joint structures. With the alterations in function the 
joint-structures re-act actively to adapt to the new condition. Thus when ^ movable 
joint is immobilised for some time continuously or its movements are limited upto 
a certain range, the aricular capsule and the other ligaments shorten to such an ex- 
tent as to fix the joint in the same position in which it was immobilised- The arti- 
culating surfaces may be fused together by the ingrowth of the vascular connective 
tissue from the periphery. If the condition is permitted to continue, the articular 
cartilages suffer a change in structure in which they are converted into fibrous tissue. 
It also shows adaptive changes with movements. As for example, when a parti- 
cular movement is extended in a particular direction the articular cartilage also ex- 
tends to that direction. 

When an articular cartilage is injured it fails to show regenerative changes and is 
repaired by fibrous tissue. "When a fragment of an articular cartilage is detatched 
and lies within the joint, it survives and grows by the synovial fluid within the joint. 

VERTEBRAL JOINTS 

Tire vertebral column forms a pillar by joints and each vertebra from second 
cervical to the fifth lumbar articulates with the succeeding vertebra by two joints, 
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one between the bodies of the two contiguous vertebrae and another between their 
vertebral arches. 

Articulation between the bodies of the two vertebrae. The bodies (if 
the two vertebrae articulate with each other through the medium of an intervertebral 
disc. The intervertebral disc separates the two vertebrae from each other aod 
remains distinct throughout life and hence the joint formed by the bodies of the t : w v 
vertebras is a secondary cartilaginous joint. The ligaments of the joint arc the anterior 
and the posterior longitudinal ligaments. 



Anterior longitudinal ligament. The anterior longitudinal ligament » 
the common anterior ligament for all the vertebrae and forms a thick nbbon-like 
fibrous band which connects all the vertebrae and the intervertebral discs together 
anteriorly. It extends from the anterior aspect of the second cervical vertebra j® 
the anterior aspect of the body of the first sacral vertebra. In its course it is finsjF 
adherent to the intervertebral discs and to the upper and lower margins of the 
vertebrae. Opposite tlie centre of each vertebral body it is loosely attached and 
easily separable from it. Superiorly it is continuous with the anterior aUanto- 
occipital membrane. Infcriorly it ends by fusing with the periosteal covering J* 1 
front of the first sacral vertebra. It is thickest in the thoracic region and widest w 
the lumbar region. 

Posterior longitudinal ligament. It covers the posterior aspects of tliC 
*• bodies of the vertebrae and has similar attachment like the anterior longitudinal top* 
Superiorly it is continued upwards beyond the second cervical vertebra and as 
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it extends upwards it becomes broad and membranous which covers the back of tire 
odontoid process of the axis and then passing through the foramen magnum it is 
attached to the superior aspect of the basilar part of the occipital bone. This portion 
of the posterior longitudinal ligament which extends upwards from the back of the 



axis to the basilar part of the occipital bone is known as the mmbrana lectori a. 
Interiorly it invests the sacral canal anteriorly and extends to the first piece of 
the coccyx as the deep posterior sacro-coccygeal ligament. 

Intervertebral disc (see also vertebral column). The intervertebral 
disc is a fibro-cartilaginous plate which intervenes between two adjacent vertebrae. 
It is wanting in between the atlas and the axis because there is no body of the atlas; 
the last intervertebral d«cTigrbfitu eetrthe fiSlThimbar and the first sacral vertebrae. 
It varies in thickness in the different regions of the vertebral column and also in the 
same disc in its different portions. Its size and shape correspond to the bodies of 
the two articulating vertebrae except in the cervical region where it is partially 
deficient on cither side. They are thicker in front in the cervical and lumbar 
regions for which the vertebral column presents the forward convexity in these regions. 
Throughout the vertebral column they are intimately adherent to the anterior and 
posterior longitudinal ligaments and in the thoracic region they give attachment to 
the radiate and the intra-articular ligaments. The intervertebral discs are elastic in 
nature and prer ent shock between the vertebrae. They together form about one- 
fourth of the total length of the vertebral column. 
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THE ARTICULATIONS OF THE VERTEBRAL ARCHES 


The vertebral arches of two contiguous vertebrae articulate with each other by . 
their articular processes and form a plane type of synovial joint. The inferior arti- 
cular processes of the vertebra above articulate with the superior articular processes t 
of the vertebra below and they arc connected together by capsular ligaments. Be- ' 
sides the capsular ligaments other accessory ligaments connect them together between ‘ 
their laminae, spines and the transverse processes. The following arc the ligaments 
of the joint. 

Capsular ligament. ^ Interspinous ligament, 

Ligamenta flava. * , Ligamentum nuchae. / 

Supraspinous ligament. J Ijstcr transverse ligamertvx 


Capsular ligament. It is a thin fibrous membrane which connects the arti- 
cular processes of two contiguous vertebrae and is attached just beyond their arti- 
culating surfaces. It is lined internally by the synovial membrane. The capsular 
ligaments in the cervical region are comparatively looser than those of the other re- 
gions. 


Ligamenta flava. The laminae of two adjacent vertebrae are connected to 
each other bv the ligamenta flava. Superiorly, it is attached to the loner part of the 
anterior surface of the lamina above, and inferiorly, each is attached to the posterior 
surface and the upper margin of the lamina of the vertebra below. Anteriorly itn 
continuous with the capsular ligament while posteriorly each ligament reaches the 
median plane where it approaches its fellow of the opposite side. Structurally it 
consists of yellow clastic fibres. It is stretched during flexion of the vertebral column 
and recoils back during extension and thus adds a spring-action to the extending 
vertebral column. 



Fig. 444. The \enebral joints in the thoracic region. Seen from the 
right side. 

Supraspinous ligament. It is a strong fibrous band which connects the tip* 
* the spinous processes from, seventh cervical to the spinous process of the fourth 
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sacral vertebra. It can be divisible into three sets of fibres, the most superficial 
fibres connect three or four vertebrae together, the deepest fibres extend between two 
while the intermediate fibres extend over the spines of two or three vertebrae. 

Interspmous ligament. It is a more membranous structure and each is 
confined between the spinous processes of two contiguous vertebrae. Anteriorly 
it blends with the ligaments flava and posteriorly it fuses with the supraspinous 
ligament. 

Ligamentnm nuchae. It is present in the neck region only and re- 
places the supraspinous ligaments of the other regions. Above, it is attached 
to the external occipital protuberance, and below to the tip of the seventh cervical 
spine and forms a cord-like structure; between these two points it is attached to the 
external occipital crest, posterior tubercle of the first cervical vertebra and to the 
spines of all other cervical vertebrae as a thin lamina extending from the superficial 
thicker part. It forms a median partition between the muscles of the two sides of 
the neck. It contains elastic fibres and functions in the same way as the ligamenta 
flava. It is much well -developed in quadruped animals. 



1'ig. 445. The connection* between the cervical vertebrae and bclwven 
the ail a* and the occipital bone. Seen from the left side. 

Intertransverse ligament. Each ligament spreads between the tips of the 
transverse processes of two contiguous vertebrae. It is well developed in the thora- 
cic region where it forms a cord-like structure. It is ill-defined in the cervical region 
and membranous in the lumbar region. 
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Movements of the vertebral joints. The movements of the vertebral joint* 
are flexion, extension, lateral flexion, rotation and the circumduction. 

The movement of flexion and extension arc quite free in the cervical and the 
lumbar regions but it is restricted in the thoracic region because of the shortness and 
uniform thickness of the intervertebral discs in this region. The overlapping laminae 
in the thoracic region also prevent free flexion and extension. 

The movement of lateral flexion is much limited in the thoracic region due to 
tension of the ligaments and the antagonist muscles. It is quite free in the cervical 
and lumbar regions. 

Rotation to some degrees is permitted in these joints and in this the bodies of 
the vertebrae rotate on the intervertebral discs. 

Circumduction is a combination of movements of flexion and extension which . 
follow* one after another in succession. 

COSTO-VERTEBRAL ARTICULATIONS 

The costo-vertebral articulation consists of two joints, one between the head 
with the body or the bodies of the two adjacent thoracic vertebrae and the other 
between the tubercle of the rib and the transverse process of the thoracic vertebra. 

Articulation of tiie heads of the ribs. The fint, tenth, eleventh and the 
twelfth ribs articulate with the corresponding vertebra by a single facet while the 
rest of the ribs articulate with the two adjacent vertebrae by two facets— upper and 
lower. The upper facet articulates with the vertebra above whereas the lower 
facet articulates with the corresponding vertebra. The ligaments of the joint arc 
capsular, radiate and intra-articular. 

The capsular ligament is very thin and surrounds the articular surfaces except 
anteriorly where its place is taken up by the radiate ligament. It is lined internally 
by a synovial membrane. 

The radiate ligament is attached laterally to the anterior aspectof the head of 
the rib and as it passes medially it splits up into three bands— ascending, descending 
and transverse. The ascending band passes upwards to be attached to the body 
of the vertebra above, the descending band passes downwards to be attached to the 
\ ertebra below while the transverse band passes transversely to be attached to t« c 
intervertebral disc. In case of the first, tenth, eleventh and the twelfth ribs the 
transverse band is wanting. In case of the first rib the upper band is attached to 
the body of the seventh cervical vertebra. 

The intra-articular ligament is placed within the joint and is a short band of 
fibres which connects the crest of the head of the rib with the intervertebral disc. « 
subdivides the joint cavity into two compartments — each being lined by a separate 
synovial membrane. The intra-articular ligament b wanting in case of the first, 
tenth, eleventh and the twelfth ribs. 

Artery supply. This joint is supplied by branches from the posterior inter- 
costal artery. 

Nerve Bupply, It is supplied by branches from the intercostal nerve. 

Costo-transverse joint. It is a synovial joint of the plane type. The bon)' 
parts entering into this articulation are the articular tubercle of the rib and the 
articular facet on the anterior aspect of the transverse process of the thoracic vertebra* 
The ligaments of the joint are the capsular, superior costo-transverse, costo-transverse 
and the lateral costo-transverse. 

Capsular ligament. It is very thin and delicate and surrounds the articular 
surfaces and is lined internally by synovial membrane. . 

Superior costo-transverse ligament. Superiorly, it is attached to the lower 
border of the transverse process of the vertebra above, and infcriorly, it j s attached to 
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the crest of the neck oF the rib immediately below the transverse process. It consists 
of two sets of fibres which form two layers, anterior and posterior. The anterior layer 
is attached below to the crest of the neck of the rib and running upwards and 
laterally it is attached above to the lower border of the transverse process of the 
vertebra above. Laterally its fibres arc continuous with the internal intercostal 
membrane. The posterior layer runs upwards and medially and is attached below to 
the area behind the crest of the neck of the rib and above to the lower border of 
the transverse process of the vertebra above. 

Costo-transverse ligament. It connects the posterior aspect of the neck 
of the rib with the anterior aspect of the corresponding transverse process. It is 
rudimentary' in case of the eleventh and the twelfth ribs. 

Lateral costo-transverse ligament. It is a thick, strong ligament which 
connects the non-articular part of the tubercle of the rib to the lateral end of the 
transverse process. 

Artery supply. It is supplied by branches from the posterior intercostal 
arteries. 

Nerve supply. It is supplied by the intercostal nerve. 



Sterno-costal joints. Each stemo-eostal "joint consists of the articular 
notch of the sternum and the sternal end of the costal cartilage. Except the first 
sterno-costal articulation which is a primary cartilaginous joint all the other 
stemo-costal joints are of synovial type. The ligaments of the joint are capsular 
and radiate stemo-costal, intra-articular and costoxiphoid. 

Capsular ligament. It is very thin and surrounds the articular surfaces. It 
is intimately connected with the stemo-costal ligament. 

Radiate stemo-costal ligament. Itconnectstheameriorandposterioraspects 
of the sternal end of the cartilage svith the corresponding aspects of the sternum. 
It is triangulr in shape, the apex of which is attached to the costal cartilage while its 
base divides into ascending, descending and transverse bands. The ascending band 
intermingles with the fibres of the ligament above and the descending band with the 
ligament below while the transverse band intermingles with the fibres of the fellow 
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of its opposite side. These bands also intermingle with the tendinous fibres of origin ( 
of the pectoralis major and together they form a membrane which envelopes the bone. 

CAPSULAR LIGAMENT Of 



tig. M7. The stemo-clavicular, the stemo-coslal, inler-ehoiidfal 
and ihc xiphisternal joints Seen from the front. 

Intra-articular ligament. This ligament is usually present in the second 
joint and. may be present in some of the succeeding joints. In die second joint, 
laterally, it is attached to the sternal end of the costal cartilage and medially, to tn f 
fibre cartilage between the manubrium sterni and the body. It subdivides the 
joint cavity into two compartments, each having a separate synovial lining. 

Costo-xiphoid ligament. It connects the anterior and posterior aspects of the 
j *vcnth costal cartilage with the corresponding aspect of the xiphoid process. ( 
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Intercho.vdrai. joints. These arc synovial joints of the plane type and arc 
present opposite the contiguous borders of sixth and seventh, seventh and eighth, 
eighth and ninth costal cartilages. Each joint is surrounded by a capsular ligament 
which is lined internally by a synovial membrane. 

Movements of the thorax. The principal movement of the thorax is the 
movement of respiration which is a two-phase movement consisting of inspiration and 
expiration. 

In the infants, from birth upto the end of first year, the costo-chondral arches 
are roughly horizontal and therefore, they do not provide any leverage for expansion 
of the thoracic cage either transversely or antcropostcriorly; the diaphragm muscle 
moves up and down like a piston causing decrease and increase in the vertical dia- 
meter of the thorax respectively and thus the respiratory movement at this age is of 
abdominal type. By the second year the ribs become oblique and the obliquity becomes 
well developed by seventh year since when the movement of respiration is perfor- 
med mostly by the ribs and is known as the thoracic type of respiration in which all the 
three diameters of the thorax are increased during inspiration. 

The inspiratory movement is an active movement brought about by the syn- 
chronised actions of many muscles whereas the expiratory movement is mostly a 
passive one bi ought about by the clastic recoil of the lungs and by relaxation of the 
muscles of inspiration. With little alteration the mechanism remains the same both 
in quiet inspiration as well as in deep and forced inspirations. 

Mechanism of quiet inspirations. Increase of the transverse and anteroposterior 
diameters. The first thoracic vertebra together with the first two ribs and the manu- 
brium sterni forms a fixed ring which allows other ribs to move towards it. The in- 
tercostal* rotate the 2nd — 7th costal arches at their costo-vertcbral joints, and as a 
result, their middle parts rise above and their lower borders become everted and this 
causes an increase in the transverse diameter of the thorax. The 8(h, 9(h t and the 
10 lh ribs do not work in the same way as the upper ribs. These ribs cannot rotate 
because of the antero-superior positions of the costal facets on the transverse pro- 
cesses but they glide upwards and backwards and thereby increasing the transverse 
diameter of the lower thorax. Concurrently the intercostals raise the anterior ends 
of the costo-chondral arches and as a result the sternum (body) is pushed forwards 
causing an increase in the anteroposterior diameter of the thorax. The costo-chon- 
dral arches being larger from above downwards the lower sternum (lower part 
of body) takes a greater excursion in the forward thrust than the upper sternum 
which makes a hinge-like movement at the stcrno-manubrial joint with minimum 
forward thrust. 

Increase in the vertical diameter. The increase in the vertical diameter of the 
thorax is brought about by the descent of the diaphragm muscle. The quadratic 
lumborum muscles of the two sides fix the twelfth ribs by their contraction and the 
fibres of origin of diaphragm from the vertebral bodies and the lumbocostal arches 
contract causing widening of the costo-diaphragmatic space and descent of the 
domes of the diaphragm and thus increases the t’crtical diameter of the thorax. 
With the descent of the diaphragm the upper abdominal viscera also descend 
causing the forward thrust of the anterior abdominal wall. 

Mechanism in deep and forced inspirations. There is not much difference 
in deep and forced inspirations from the mechanism in quiet inspiration except that 
the movements are exaggerated in the former two conditions. 

In deep inspiration the usual mechanism in quiet inspiration is icpcatcd and on 
the top of this some additional forces come into play as follows. The first and the 
second costal arches are raised by the scalenei and the manubrium sterni is also 
raised by die sternal head of sternocleidomastoid; the leva tores costarum and serr- 
tus posterior superior also assist in raising the tipper ribs. 

In forced inspiration some other additional forces come into play to help the ins—— ^ 
piratory effort. The point of the shoulder is raised and the scapula is fixed by * 



HUMAN ANATOMY 


•I 12 

trapezius, levator scapulae and the rhomboidei (the same condition may be achieved 
by holding the handle of chair or some other object) and the pec lorn tis minor draw 
the upper ribs upwards making more room for the lungs to expand; the erector spina? 
also contract to straighten the dorsal vertebral column so that the ribs might have 
better leverage to work. 

The movement of expiration. This movement is mostly a passive one and is 
brought about by the clastic recoil of the lungs, by relaxation of the muscles of ins- 
piration thereby allowing the ribs regaining their normal position of rest. In forced 
expiration the flat muscles of the abdomen contract so as to increase the intm-abdo- 
jnmal pressure which makes an upward thrust on the diaphragm which ill turn 
produces a squeezing action over the lungs. 


A.TLANTO-OGOIPITAL JOINTS 

The ‘‘atlanto-occipital joints” as the name implies arc the joints formed between 
the atlas and the occipital condyles. They form two joints, one on each side and the 
bony parts entering into the articulation are the occipital condyles and the superior 
articular facets of the atlas. Each joint is a condyloid type of synovial joint and 
its long axis is obliquely set being directed from behind forwards and medially and 
the two joints work simultaneously as one joint. The ligaments of the joints are 
as follows: 

(1) Two capsular ligaments — one on each side. 

(2) Anterior atlanto-occipital membrane. 

(3) Posterior atlanto-occipital membrane. 

(1) Capsular ligament. It is attached above to the margins of the occipital 
condyle and below to the margins of the superior articular facet of the atlas. The 
ligament is comparatively thin and is of loose texture and is lined internally by 
synovial membrane. Anteriorly it fuses with the anterior anthmto-oedptUd them- 
branc and posteriorly with the posterior atlanto-occipital membrane. 

(2) Anterior atlanto-occipital membrane. It is a broad membranous 
sheet which bridges across the gap between the upper border of the anterior arch 
of the atlas and the anterior margin of the foramen magnum. Above it is attached 
to the anterior margin of the foramen magnum and below to the upper border of 
the anterior arch of the atlas. Opposite the median plane it is thicker being rem- 
forccd by the fibres of the anterior longitudinal ligament while at the periphery it 
is thinner; on each side its lateral margin becomes fused with the capsular ligament 
of the atlanto-occipital joint. 

(3) Posterior atlanto-occipital membrane. It is attached above to the 
posterior margin of the foramen magnum, and below, to the posterior arch of the • 
atlas. On the latter it bridges over the groove on the posterior arch of the atlas 
and converts it into a foramen through which the suboccipital nerve and the verte- 
bral artery pass. It is comparatively thinner than the anterior atlanto-occipdjat 
membrane and anteriorly, on either side, it fuses with the capular ligament of the 
atlanto-occipital joint. The margin of the ligament which bridges over the gro° vC 
Tor the suboccipital nerve and the vertebral artery, may sometimes be ossified. 

Movements of the joints. The two joints work simultaneously as onc 
joint and the movement takes place around two axes namely, transverse and antero- 
posterior. The movements In the transverse axis are Jlexion and extension or the 
nodding movement of the head as we answer something in the affirmative. 

Oblique lateral miement. In this the movement occuri in a vcntro-dorsal ax^i 
as in turning the head sidewards. In this movement the anterior end of one o> 
the^ occipital condyles glides forwards and medially towards the median plap c 
i bile the other recedes backwards and laterally. Muscles concerned are the 
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(1) Transverse ligament of the atlas. 

(2) Accessory atlanto-axial ligament. 

(3) Atlanto-axial membrane. ' t ,'i 

(4) Ligamentum flavum (between atlas ami axis). , 

(5) Occipito-axial ligaments : , . 

(a) Apical ligament. 

( b ) Cruciate ligament (upper and lower ends) . 

(c) Membrana tectoria. 

id) Alar ligaments. 

(Ij Transverse ligament of the atlas. It is a tliick stout liganjentjhat 
stretches transversely across the back of odontoid process of the axis and is attached 
on either side to the tubercle on the medial side of the lateral mass of the atlas. 
Opposite the median plane it is joined from both above and below by a narrower 
band and presents an appearance of a St. Andrews cross for which the transverse 
ligament together with its upper and lower bands is known as the cruciate ligamrl 
of the atlas. The upper band of the cruciate ligament is attached above to the inner 
surface of the basilar part of the occipital bone below the membrane tectoria ana 
between it and the apical ligament. The lower band of the cruciate ligament iS 
attached below to the lower part of the back of the body of the axis. 

(2j Accessory atlanto-axial ligament. It is a short oblique band which 
is auac-hcd above to the posterior part of the lateral masioLthejuUs and descending 
downwards and medially postero-medial to the b ack of the atlanto- axial joint it 0 
attached below to the back of the lower part of t he body ol th e axis."' 

(3 1 Atlanto-axial membrane. The anterior longitudinal ligament in it* 
course downwards from the tubercle on the anterior arch of the atlas gives sideward 
expansion which bridges across the gap between the lower part of the anterior arch 
of the atlas and the axis and forms the atlanto-axial membrane. It is attached above 
to the lower border of the anterior arch of the atlas and below to the body of the 
axis 

( l) The ligamentum flavum. This ligament bridges across the gap between 
the lower pari of the posterior arch of the atlas and the vertebral arch of the 
and forms the highest ligamentum flavum. It is pierced by the second cervical 
nerve. 

(5) Occipito-axial ligaments: 

(a) Apical ligament. It is a narrow vertical ban d which is attached above 
to the basilar part of the occipital "b one below the superio r band of* . the cruciate 
ligament and between it and the anterior atlanto-occipital membrane; below it b 
attached to the apex of the odontoid process. 

(b) Cruciate ligament has already been described. 

(c) Membrana tectoria. '-ft is a broad membranous sheet sv’hich ascend! 
upwards as a direct continuation of the posterior longitudinal ligament and l! 
at tael icd above to the upper surface of the basilar part of the occipital bone between 
the anterior condylar canals. In its course upwards it covers the accessory atlanto' 
axial ligament, the odontoid process, the apical, the cruciate and the alar ligaments. 
Because it covers die above structures it is called "membrana tectoria”. 

(d) Alar ligaments. The alar ligaments arc two oblique thick bands, 

on each side of the odontoid process, which connect the odontoid process with th.c 
occipital condyles. Each alar ligament is attached below to the side of the odontoid 
process below its apex, and ascending upwards and laterally it is attached to t» c 
medial aspect of the occipital condyle. 

Artery supply. The arteries supplying the joints are derived from the verte- 
bral arteries, 
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Nerve supply. The nerves supplying the joints are derived from the loop 
between the first and the second cervical nerves. 

Movements. The principal movement in these joints is rotation which takes 
place around a vertical axis with the odontoid process as the pivot. The muscles 
concerned in this movement are the fallowing: 

Ltjl rotation — Right rotation — 

Right trapezius Corresponding muscles of the opposite 

„ stemomastoid sides 

„ splenitis, Jongissitnus and 
longus capitis 

„ obhquus capitis inferior 

„ rectus capitis posterior major 

THE TEMPORO-MANDIBULAR JOINT 

The temporo-mandibular joint is a diarthrodia! joint of the ginglymus type. 
Cunningham). The bony parts entering into the articulation are the articular 
mincnce and the anterior portions of the mandibular fossa of the temporal bone 
ibovc, and the head of the mandible below with the articular disc intervening 
ictween them. 

Articular disc. ’ It is an oval plate-like fibro-cartilaginous disc which covers 
he articular surfaces of the mandibular joint and its circumferential margin gives_ 
ittachment to the capsular ligament of-thc joint. The articular disc completely 
lividcs the joint cavity into two distinct compartments which are completely 
eparated from each other. "This division of the joint cavity into two compartments 
s a peculiar feature of this joint which distinguishes it from the other members 
>f the synovial joints. The upper surface of the articular disc is concavo-convex 
;o as to adapt it to the shape of the articular fossa and the articular eminence of the 
emporal bone. Its lower or inferior surface is concave so as to fit with the convex 
lead of the mandible. Each compartment of the joint cavity, upper and lower, is 
separately lined with synovial membrane. 

Anteriorly the disc gives attachment to the tendon of the lateral pterygoid 
nusclc through the capsular ligament. The disc represents the compressed tendon 
jflateral pterygoid muscle which, in embryonic life, passed between the head of the 
nandible and the articular fossa and was inserted into the malleus. 

JJgex ws/Jtf JJ-'-f J mvJ — 

(!) Capsular ligament. 

(2) Temporo-mandibular ligament. 

(3) Stylo-mandibular ligament. 

(4) Spheno-mandibular ligament. 

(1) Capsular ligament. It is loose and thin and completely surrounds the 
joint. Above it is attached to the articular eminence in front, and the margins of 
the squamo-tympanic fissure behind, and between these two points, to the circum- 
ference of the articular fossa. 

Below it is attached to the neck of the mandible. Between its upper and lower 
attachments it is attached to the circumference of the articular disc. 

(2) Temporo-mandibular ligament. It is a strong triangular band of 
fibres lying in dose contact with the capsular ligament on its lateral side. It is 
attached above, by its broad base, to the lateral surface of the zygomatic process of 
the temporal bone and to the tuberde at the root of the zygomatic process. Below 
it is attached to the lateral surface and posterior border of the neck of the mandible. 

■J (3) Stylo-mandibular ligament. It is a specialised band of deep cervical 
i fascia and is derived from that portion of the deep cervical fascia which forms a 
tart of the capsule of the parotid gland. Above it is attached to the lateral aspect 
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of the styloid process of the temporal bone and below it is attached to the angle i 
the mandible between the medial pterygoid and the masseter muscles. 

(4) Sphcno-mandibular ligament. It is a long membranous band of fibn 
which lies on the medial side of the joint and is attached above to the spine of th 
sphenoid bone and below to the lingula of the mandible. It is separated from 11 
capsular ligament by a considerable distance. It is the remnant of the sheath i 



fig. 449. The left temporomandibular joint seen from the medial side. 


the Meckel’s cartilage and its upper attachment to the sphenoidal spine » * 
secondary attachment. Its primary attachment may be traced to the anterior 
process of malleus through the medial end of the petrotympanic fissure. 

Superiorly, its lateral surface is related to the lateral pterygoid muscle and 
auriculotemporal nerve, and lower down, it is separated from the neck of the man- 
dible by the maxillary vessels, and still lower down, intervening between it and me 
ramus of the mandible, arc the inferior dental vessels and nerve and a portion oftn* 
parotid gland. Medially and below it is related to the medial pterygoid musd 
while medially and above it is crossed by the chorda tympani nerve (at its exuc® 
upper end) and is separated from the pharynx by an interval which contains souk 
fat and the pharyngeal \ enous plexus. Close to its lower end it is pierced by l" 5 
vessels and nerve to the mylohoid muscle. 

jVJ3. The capsular and the tcmporo-mandibular ligaments arc the true 
ligaments of the joint as they are directly supporting the articulation. The sphcno- 
mandibular and the stylo-mandibular ligaments are placed at a considerable distant 
from the capsular ligament and they are not playing any important role in tM 
support of the joint and hence they are called by some authors as accessory Iigamcnis- 
Sjtmial membrane. _ It lines the inner surface of the capsular ligament in each 
compartment of the joint cavity; inferioily it is reflected upwards on to the neck o 
the^ mandible from the inner surface of the capsular ligament. The two j° ,n 
cavities arc completely separated from each other by the articular disc. 

' _ _ Movements or the joint. The movements of the temporo-nrandibu]^ 
^ joint are depression, elevation, protrusion, retraction and grinding or side-to-ncic 
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movement. In all these movements the joints of both the sides work together as a 
single unit. 

(I) Depression. In this movement the lower jaw is depressed, as in opening 
the mouth, the angle of the mandible is drawn backwards and the head of the 
mandible moves forwards. The movement takes place in bo Ur the compartments 
of the joint; in the tower compartment the head of the mandible takes a hinge- 
movement whereas in the upper compartment the head of the mandible together 

ZrCOMATTC PROCESS 



Fig. 450. The left ternporo-mandibular joint seen from the outer aspect, 
with the articular disc takes a g liding-movement fo rwards. In the initial phase 
he hinge-movement operates whereas during The later phase the gliding-move- 
nent operates In' which the head of the mandib le together with the articular disc 
rolls do wnwards^ md-foryyards over the articular eminence. 

The muscles concerned in this movement are digastric, mylohyoid, geniohyoid 
md lateral pterygoid. 

(2) Elevation. This is a reverse movement of the above in which the mouth is 
closed from the opened-up position. 

The muscles concerned are the masseter, temporalis and the anterior fibres 
of the medial pterygoid. 

(3) Protrusion. In this movement the lower jaw projects forwards beyond the 
upper incisors, the movement taking place in the upper joint-cavity . 

The muscles concerned are the medi al and latera Lnterygoids. 

(4) Retraction. This is the reverse movement of protrusion and the muscles 

concerned in this movement are' the masseter and the tern 1! - 


(5) Grinding or Side-lo-side movement. This is “a chewing movement in which 
the chin is displaced to one side or the other and then comes back to occlusal position. 
In this the head of the mandible of one side together with the dlsc“gfides forwards 
— movement taking place in the upper joint cavity— and then it rotates on the disc 
— movement taking place in the lower join t cavi ty around a vertical 


lower joi 

^ x e si de. r . ._,. v iuaLa w 

bring back the lower jaw In occlusal position. The lateral jsnd the medial pterygoid 
muscles work alternately to cause this movement. j — ~ ~ 
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Artery supply. Arteries supplying die joint arc the superficial temporal 
and the maxillary branches of die external carotid artery. 

Nerve supply. Nerves are the articular branches from the auriculotemporal 
and masseteric branches of the mandibular nerve. 

THE ARTICULATIONS OF THE SUPERIOR EXTREMITY 

THE STERNO-CLAVICULAR JOINT 

The 5 terno-clavieuJar articulation is a plane synovial joint in which die joint 
cavity is divided into two compartments by an articular disc. The parts enteric! 
into die articulation arc the clavicular notch of the sternum, the sternal end of the 
clavicle and the sternal end of the first costal cardlagc. The articular disc is in- - 
terposed between the two articular surfaces and is attached superiorly to the upper 
margin of the clavicle and inferiorly to the first costal cartilage. 

Ligaments of the joint— 

(1) Capsular ligament. , 

(2) Anterior stcrno-clavicular ligament. 

(3) Posterior stemo-clavicular ligament. 

(4) Intcrdavicular ligament. 

(5) Costo-clavicular ligament. 

Capsular ligament. It is thin and weak and surrounds the margins of the 
articular surfaces. It is also attached to the peripheral margins of the arucaiLu 
disc. Thus die joint cavity is divided into two compartments, each being lined 
separately by the synovial membrane. 



^ Anterior sternoclavicular ligament. It strengthens the capsular ligament 
-- anteriorly and extends from the anterior margin of the sternal end of the clavicle 
^ to the anterior margin of the clavicular notch of the sternum. 
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Posterior sternoclavicular ligament. It strengthens the posterior part 
of the capsular ligament and connects the posterior margin of the sternal end of the 
clavicle with the posterior margin of the clavicular notch of the sternum. 

Interclavicular ligament. It is a thickened band placed on the superior 
aspect of the capsular ligament and extends from one clavicle to the other along the 
upper border of the manubrium stemi to which its fibres are also attached, 

Costo-clavlcolar ligament. It is placed on the inferior aspect of the clavicle 
and extends from the upper surface of the first costal cartilage to the costal impres- 
sion on the inferior surface of the clavicle just lateral to the joint. It consists of two 
laminar, anterior and posterior, which arc usually separated from each other by a 
bursa. The inferior Icnina ascends upwards and laterally from the first costal 
cartilage and is attached to the anterior margin of the costal impression of the 
clavicle. ’Hie fosltric-r lemirvx ascends upwards and medially and is attached to the 
posterior margin of the costal imptession of the clavicle. 

Relation or the joint. Anteriorly it is in relation to the sternal head of the 
stemomastoid muscle. Posteriorly it is related to the sternohyoid and sternothyroid 
muscles which separate it from the vagus nerve and the great vessels at the root of 
the neck. 

Nerve supply. It is supplied by the medial branch of the supraclavicular nerve 
and by a branch from the nerve to the subclavius. 

Artery supply. Arteries arc derived from the internal mammary branch of 
the sulsdavjan artery and from die suprascapular artery. 

Movements. Four movements, elevation, depression, forward and back- 
ward movements, arc permitted in this joint and they accompany the movement of 
the shoulder girdle. 

THE ACROMIOCLAVICULAR JOINT 

The acromioclavicular joint is a plarf t>t>c of synovial join t formed between the 
acromial end of the clavicle and the medial aspect ol acromion process of the scapula. 
The articular facet on the acromial end of the clavicle is covered by fibrocartilage, 



is oval in form and is directed downwards and laterally whereas the clavicular arti- 
cular facet of the acromion is similar in form and is directed medially and slightly 
upwards. “ ! 


420 


HUMAN ANATOMY 


The ligaments of the joint arc the following : 

Capsular ligament. 

Acromioclavicular ligament. 

Coracoclavicular ligament 
(<ri Conoid part. 

\b) Trapezoid part. 

Capsular ligament. It forms a fibrous cuff between the bony parts entering 
into the articulation and is attached to them just beyond their articular surface. 

It is lined internally by synovial membrane. Occasionally an articular disc may k , 
present which divides the joint cavity either completely or incompletely. 

Acromioclavicular ligament. It connects the superior aspect of the acro- 
mial end of the clavicle with the adjoining part of the acromion and forms a quadri- 
lateral band which strengthens the capsular ligament superiorly. ^ It consists or 
parallel fibics some of which interlace with the tendinous fibres of insertion of the 
trapezius posteriorly and with the similar fibres of origin of the deltoid anteriorly. 

Coracoclavicular ligament. It is a strong ligament which connects the % 
acromial end of the clavicle with the coracoid process of the scapula. It consists ol 
two parts, conoid and trapezoid, being separated from each other by a bursa. 

The conoid part lies post- 
eromedial to the trapezoid part 
and forms a triangular dense 
fibrous band. It is attached 
to the medial and posterior 
edge of the root of the coracoid 
process in front of the scapular 
notch by its apex while its base 
is attached to the conoid tuber- 
cle and to the adjoining area 
medial to it on the under-sur- 
face of the clavicle at the junc- 
tion between its medial three- 
fourths and lateral one-fourth 
posteriorly. 

The trapezoid part of the 
coracoclavicular ligament forms 
a quadrilateral band of fibres 
which is attached below to the 
upper surface of the horizontal 
part of the coracoid process, 
the attachments extending behind to the root of the coracoid process; superiorly it i* 
attached to the trapexowi ridge on Jj.he undtr-WMfaee of the lateral onc-fc\y?th Qt the 
clavicle. Its posterior border fuses with the conoid part while its anterior border 
forms a free margin. -Is 1 

Artery Supply. The joint is supplied by branches from suprascapular and 
thoraco-acromial arteries. 

Nerve supply. It is supplied by branches from the suprascapular and lateral 
pectoral nerves. 

THE INTRINSIC LIGAMENTS OF THE SCAPULA 

. Th e intrinsic ligaments of the scapula arc the transverse scapular (suprascapu- 
lar), the coraco-acromial and the spinoglcnoid ligaments. 

Transverse scapular ligament. It is a thin short band of fibres that bfid- ' 
ges across the scapular notch and converts the latter into a foramen. It is attached 
.mediauy to the media] end of the scapular notch and laterally to the root of the 
-•£’ P roccss * It is usually wider at its extremities but narrower in its centre 
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and may occasionally be ossified. The suprascapular vessels cross over the liga- 
ment whereas the suprascapular nerve passes through the foramen. 

Coraco-acromial ligament. It forms a strong triangular band which stret- 
:hcs between the coracoid and the acromion processes of the scapula and together 
with the under surface of the acromion forms the coraco-acromial arch. Its apex is 
ittachcd'to the tip of the acromion just in front of the clavicular facet; its base is 
ittachcd to the lateral margin of the horizontal part of the coracoid process. 

Spinoglenoid ligament. It forms a thin membranous band that connects 
:he lateral border of the spine of the scapula to the adjoining margin of the glenoid 
xivity. It is a inconstant band which, when present, bridges over the suprascapular 
vessels and nerve in their course to the infraspinous fossa. 

THE SHOULDER JOINT 

The shoulder joint belongs to the ball and socket sub-group of the diarthrodial 
oint. It is the most movable of all the joints. The bony parts entering into the 
articulation are the glenoid cavity of the scapula and die head of the humerus. 
The glenoid cavity of the scapula forms a shallow socket which is smaller than 
the large head of the humerus and when the two bones articulate, only a portion 

CAP5WA* UOAntM 



of the head comes into contact with the glenoid cavity and the rest of the head 
extends beyond the circumferential margin of the glenoid cavity and consequently, 
during active movements of the joint, the head is not to meet any bony resistance. 
Ligaments of the joint — / 

(1) Capsular ligament. 

(a) Coraco'humeral ligament. 
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(b) Superior gleno-humeral ligament, 

(c) Middle gleno-humeral ligament, 

(rf) Inferior gleno-humeral ligament, 

(2) Transverse humeral ligament. 

(3) Glenoidal Labrum. - , t 

Capsular ligament. The capsular ligament of the shoulder joint ext cadi 

from the margins of the glenoid cavity to the anatomical neck of the humerus and 
ensheathes the bony parts entering into the articulation. It is strengthened by four 1 
supplemental bands, the coracohumeral and the three gleno-humeral ligaments, 
which are nothing but localised thickening of the capsular ligament and cannot be 
separated from it without injuring the latter^ 

The capsular ligament consists of an outer fibrous and an inner synovial stratus:. 
The fibrous stratum is fairly dense and strong and envelopes the articulation from , 
all sides. The synovial membrane lines the interior of the fibrous stratum and' 
forms several bursal protrusions through the openings in the capsular ligament . 

It also mvaginates the long tendon of the biceps brachii as it passes between 
it and the capsular ligament. Thus the long tendon of the biceps brachii is intra* 
capsular but is e xtras vnovi.il and lies outside the joint cavity. 

Attachments aJThe capsular ligament. - Medially it is attached to the scapula around 
the margins of the glenoid cavity except superiorly where the line of attachment 
extends as far as the root of the coracoid 'pnreewand encloses the origin of the long 
tendon of the biceps brachii within its attachment. Except superiorly it is Wended 
with the glenoidal labrum.’ 



Laterally, it is attached to the anatomical neck of the humerus except infero- 
> medially where it extends downwards for about one inch below the anatomic?* 
and thus enclosing the medial part of the surgical neck within its attachment- 



ARTICULAR SYSTEM OR ARTHROLOGY 


423 


Superiorly opposite the intertuber cufar sulcus it is not attached to the bone but it 
is attached to the transverse humeral ligament. 

Openings in the capsular ligament. There are usually three openings in the cap- 
sular ligament — one anteriorly close to the root of the coracoid process and the 
synovial protrusion through it forms the s ubscapular burs a, one posteriorly and the 
synovial protrusion through it forms the bursa forth infraspinatus and the third 
one is present opposite the top or the intertubercular sulcus through which passes 
the long tendon of the biceps together with its synovial sheath. 

Supplemental bands of the capsular ligament — coracohumeral ligament. It is a broad 
localised thickening on the external aspect of the capsule and is placed superiorly. 
It is attached, proximally, to the root and the lateral border of the coracoid process 
and distally, it is attached to the two tubercles and the transverse humeral ligament. 

The gleno-humcral ligaments. They are the three localised thinkenings on the 
inner aspects of the capsular ligament and according to their situations they 3rc 
named superior, middle and inferior gleno-humeral ligaments. They are all 
attached above to the upper, medial margin of the glenoid cavity being blended 
with the glenoidal labrum. The superior band lies cn the medial side of the long 
tendon of biceps brachii and is attached below to the depression above the lesser 
tubercle of the humerus and it is considered to be homologous with the ligament 
of the head of the femur. The middle band is attached below to the humerus in front 
of the lesser tubersity. The opening for Use subscapular bursa intervenes between 
the superior and the middle bands. The inferior band is attached below to the lower 
part of the anatomical neck of the humerus. 

Relations of the capsular ligament. Superiorly it is covered by the snpraspinatus 
which is closely applied on it; anteriorly by the subsea pularis and posteriorly by the 
infraspinatus and the teres minor; inferiorly it is related to the Jong head of the 
triceps brachii but is separated from it by the intervening posterior circumflex 
humeral vessels and the axillary (circumflex) nerve. 



rig. 456. A section through the thouldrr joint to show iw interior 
on the scapular tide. 

Vessels and nerves supplying the capsular ligament. The arteries 
supplying die capsular ligament are the suprascapular and die anterior and posterior 
circumflex humeral arteries. 



424 


HUMAN ANATOMY 


The nerves supplying the capsular ligament arc the suprascapular and the 
axillary (circumflex) nerves. 

XB. The capsular ligament of the shoulder joint is exceedingly lax, so much 1 
so, that by traction, the glenoid cavity and Ihcltcad of the humerus can be separated ' 
from each other by a considerable gap and due to this laxity it is so often dislocated- 
On all sides the capsular ligament is guarded by strong muscles except infcromcdiaily 
where there is a gap between the capsular ligament and the long head of tire triceps 
and it is through this part that the head of the humerus makes a rent in the capsular 
ligament during dislocation. > 

Transverse humeral ligament. It is a broad fibrous band that bridges 
across the intcrt ubercular .sulcus and is attached to the lesser tubercle in front a nd 
to the greater tubercle behind! ’It converts the mtcrtubercular sulcus In to a canal 
through which the long tendon of the biceps brachii together with its synovial sheath 
and the ascending branch or the anterior circumflex humeral artery pass. 

Glenoidal labrom. It is a dense fibro-cartilaginous rim which surrounds’ 
the glenoid cavity and is attached to its rim-like margin. At its periphery it ii 
fused with the capsular ligament, and by its attachment it deepens the glenoid 
cavity. 

Bursa around the shoulder joint. (1) Subscapular bursa intervenes 
between the tendon of the subscapularis muscle and the scapula and communicates 
with the joint. 

(2) Bursa for the infraspinatus muscle is the synovial protrusion through the 
opening in the posterolateral part of the capsular ligament and communicates with 
the joint cavity. 

(3) Sub-acromial bursa is situated at the summit of capsular ligament and 
intervenes between it and the deltoid. 

(4) Bursa for the long tendon of the biceps brachii lies in the floor of the bicipital 
groove and communicates with the joint cavity. 

(5) Sub-deltoid buna intervenes between the insertions of the deltoid and 
the humerus. 

(6) One is present below the tip of the acromion process. 

(7) One is placed between the coracoid process and the capsule.^ 

(8) One is placed in front of and another behind the tendon of insertion of the 
latissimus dorsi. 

(9) One is situated between the teres major and the long head of the triceps. 

Movements in the shoulder joint. The shoulder joint being a ball and a 
socket joint all sorts of movements are permitted in this joint around an infinite 
number of axes that pass through the centre of the head of the humcnis. Howevo 1 , 
for practical purposes three axes, transverse, ankro-posUrior and vertical , arc usually 
considered around which most of the movements of the joint take place. The usual 
movements of the joint are flexion and extension, abduction and adduction, cir- 
cumduction and rotation. 1 . 

The m ovement of flexion and extension takes place around a transvers e ag*; _ 
the ir lenfrfdTT Tvity hring.rtirected.ibr\var ds and laterally the trahsversiTaxis ci oesjl^ 
rumparallcX-to-the rnronnl plnncofthe body and instead it meets the latter obliquely 
.at. an angle. 

The movement of abduction and adduction takes place around an antero- 
posterior axis; due to the glenoid cavity being directed forwards and laterally this 
axis is also not strictly anteroposterior but it is obliquely set with the sigittal plane 
of the body. 

The movement of rotation takes place around a vertical axis that passes through 
the centre of the head of the humerus and centre of the capitulum. 

(«) Flexion or forward movement. In this the arm is carried forwards and medially- 
Muscles concerned are the anterior part of the deltoid, pcctoralis major and- 

■ * ■ 'hialis. 
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(5) Extension or backward movement. In this the arm is carried backwards and 
laterally. Muscles concerned are the latissimus dorei, posterior part of the deltoid 
and the teres major. 

(r) Adduction. In this movement the arm is carried forwards and medially, 
as in touching the opposite shoulder. The prime movers in this movement are 
the pec t2 niUs major and the latissimus dorsi; and the teres major, anterior part of_ 
the achoidTcofacobnrchralisTiaTJg'headonhclriccpsand the biceps-are the synergists.' 

(d) Abduction. In this movement the arm is carried away from the trunk 
making a right angle with the trunk. The deltoid and the supraspinahis are the 
true abductors of the shoulder joint and they work together. 

The further movement of the arm above the shoulder is not a movement of the 
shoulder joint alone but it is associated with the movement of the shoulder girdle. 

Deltoid fixes the head of the humerus against the glenoid cavity, the trapezius 
fixes the scapula on the back and the serratus anterior rotates the scapula laterally 
and a movement takes place in the stemo-clavicular articulation enabling the arm 
to be raised above the shoulder. 

(e) Circumduction. Tins is a combination of all the movements which follow 
one after another in rapid succession in such a way that the head of the humerus 
taking a fixed point in the glenoid cavity rotates round it. 

(f) Medial rotation. Muscles concerned in this are the pectoralis major, TatTs- 

simus dorsvtercs mapr, deltoid and subscapularis. ~ 

(g) LaterSt-maTwn. Muscles concerned in this movement are the infraspinatus, 
teres minor and the deltoid (post, fibres). 

Inman, Dec. M. Saunders and Abbot have analysed the movement of elevation of the arm in 
abduction or in flexion in a critical way and they have divided the whole movement into three phases 
as follows : 


Phase I 

Elevation opto 60 degrees In flexion or 30 degrees in abduction 
In addition to the principal movement at the glenohumeral joint the following accessory movements 
take place : 

( fl Elevation of the acromial end of the clavicle by about 12-15 degrees. 

( it) The scapula rotates through an antero-posterior axis in one way or the other in most 
cases; it » less significant because it lacks in regularity for which it has been termed "the 
setting phase of the scapula”. 

(iit) The angle between the scapular spine and the clavicle is widened by 10 degrees and this 
is produced by the rotation of the scapula around a vertical axis through the acromiocla- 
vicular joint. 

(i») Rotation of die clavicle in its long axis does not occur in this phase. 

Phase II 

Elevation from the end of the phase I to 9b degrees of flexion or abdactlon 
In addition to the movement at the glenohumeral joint (shoulder joint) the following movements 
also take place: 

(ij Further elevation of the acromial end of the clavicle to its final position at 30 — 36 degrees 
over its usual bearing with the mid-sagittal plane. 

(ii) Spmopd3vicular angle does not show any further diangc. 

(«t) Rotation of the scapula in an antero-posterior axis takes place in 1 :2 ratio with the move- 
ments at the glenohumeral joint, that is, for each 10 degrea of glenohumeral movement 
5 degrees of scapular rotation take place. 

(in) Rotation of the clavicle in its long axis does not occur. 

Phase 111 

Elevation vertically overhead from the end of Phase II position 
(f) Glenohumeral movement and rotation of the scapula take place in same 2:1 ratio. 

{•») Elevation of the acromial end of the clavicle does not occur any further, 
fm) The scapula rotates around a vertical axis for the second time by 10 degrees. 

(w) The ciavidc now rotate in its long axis through about 30 — 10 degrees so that the conoid 
tubercle is directed downwards. 

(*) In elevation of the ana in abduction, external rotation of the head of the humerus also 
takes place to effect the movement. 
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MOVEMENTS OF THE SHOULDER GIRDLE | 

The skeletal elements of the shoulder girdle are the two scapulae and the two, 
clavicles, the latter negotiatethe scapulae with the trunk through the sternoclavicular ( 
joints. This girdle is an incomplete one and the two upper limbs, one on each side, ^ 
arc connected to it through the shoulder joints. The scapula forms the principal 
clement of the girdle in which it gives attachment to the upper limb and bring It m 
connection with the trunk through a crank-shaft, the clavicle through the acromiocla- 
vicular and the sternoclavicular joints. Thus any movement of the scapula is reflet- 
ted back to its crank-shaft, the clavicle which moves between its joints, that is, the 
acromioc las icular and the sternoclavicular joints and vice versa. The movement 
of the scapula is also associated with the movement, of the upper limb at the shouldtr 
joint in most cases. Thus the movement of the shoulder girdle may be discussed 
under two heads, movements of the girdle unassociated with the movements of the 
shoulder joint or true girdle movement and the movement of the girdle associated 
with the movement of the shoulder joint. 

Movements of the shoulder girdle unassociated with the movement 
of the shoulder joint or the true girdle movement. These movements can 
better he identified by observing some of the movements of the scapula. The follow- 
ing movements of the scapula are included under this headings : 

Elevation and depression of the scapula. 

Forward and backward movements of the scapula. 

Elevation of the scapula. This is a movement in which the points of the shoulder 
arc approximated towards the root of the neck as in shrugging the shoulder. In 
this movement the point of the shoulder is raised by elevation of the scapula as a 
whole, there is an angular movement at the acromio-clavicular joint in which the 
lateral end of the clavicle is raised and its sternal end rolls down on its intra-articular 
disc. This movement is checked by the tension of the capsular and the costoclavi- 
cular ligaments of the sternoclavicular joint and by the tension of the opposing 
groups of muscles. The muscles concerned in this movement are the upper flirts of 
the trapezius and the levator scapulae (the trapezius tries to rotate the scapula down- 
wards, forwards and laterally whereas the levator scapulae causes the opposite move- 
ment and the resultant force being directed upwards). 

Depression of the scapula. This is the reverse movement of the above and is brought 
about mostly by the weight of the limb assisted by serralus anterior and pecloralis nuc- 
lei this there is very little angular movement in the acromio-dav icular joint and the 
sternal end rolls up on the articular disc. This movement is checked by the tension 
of the sternoclavicular and interclavicular ligaments and by the tension of the opp®* 
ing groups of muscles. 

Forward movement of the scapula. In this movement the shoulder-ball moves 
forwards. The acromion moves forwards on the claiicular facet dragging the lateral 
end of the clavicle forwards and its sternal end together with the articular disc moves 
backwards. This movement is checked by the tension of the posterior sternoclavi- 
cular^ and the posterior fibres of the costoclavicular ligaments. Muscles concerned 
in this movement arc the serratus anterior and the pecloralis minor assisted by t" e 
(olMSuniu rfprn. 

Backward movement of the scapula. This is a movement in which the vertebral 
borders of the scapulae are approximated to each other as in bracing back the shoul- 
u ‘ t l ,erc * s 'Try little movement In the acromioclavicular joint "bereas 

the sternal end of the clavicle together with the articular disc moves forwards. Tp** 
movement is checked by the tension of the anterior sternoclavicular and the anterior 
fibres of the costoclavicular ligaments. The muscles concerned in this ifltwentcn 
are the trapezius and the rhomboidei. 

. . Movements of the girdle associated with the movement of the shoulder 
nomt. These movements have been discussed along with the movement of the 
. milder joint. 
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THE ELBOW JOINT 

The Elbow joint is a ginglymus or a hinge joint and consists of two articula- 
tions: (1) humero-ulnar and (2) humero-radial. The articular surfaces concerned 


POSTERIOR PART Of 
CAPSULAR LIGAMENT 


RAQfAL COLLATERAL UGAMENT 
OF ELBOW JOINT 

Fig. 457. The right elbow joint. Seen from the lateral side. 



Fig. 458. The right elbow joint. Seen from the medial ride. 

are the trochcla and the capitulum of the humerus on the one hand, and the 
trochlear notch of the ulna and the head of the radius on the other. 
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Ligaments of the joint — 
fl) Capsular ligament. 

(2) Ulnar (Medial) collateral ligament. 

(3) Radial collateral (Lateral) ligament. 

(1) Capsular ligement. The fibrous capsule surrounds the joint on all sides 
ana is specially thickened on either side to form the ulnar collateral (medial) liga- 
ment on the medial side and the radial collateral (lateral) ligament on the lateral 
side. It is attached proximally to the antero-medial and antcro-Iaterai surfaces of 
the humerus above the coronoid and the radial fossae.-..' 

At the sides it is attached to the cpicondylcs and posteriorly, to thc’posterior 
surface ol the humerus above the olecranon fossa. Dis tally the capsule is attached 
to the anterior margin of the proximal, medial and lateral surfaces of the olecranon, 
o the medial and anterior margins of the coronoid process of the ulna and to the 
annular ligament of the radius. 

The anterior part of the capsule is broad, thin and membranous and consists of 
o hree sets of fibres. The most superficial fibres are oblique in direction and 
pass downwards and laterally from the medial epicondyle of the humerus to the 
anm ar ligament. The middle sets of fibres arc vertical in direction and extend 
trom the upper part of the coronoid fossa to the anterior aspect of the coronoid . 
process of the ulna. The deep sets of fibres are transversely disposed and they 
intersect the preceding fibres at right angles. 

rAn*S«i^° StCrior P art , of , t * ie fibrous capsule is also thin and membranous and 
consists of transverse and oblique fibres. 


OLECRANON (CUT» 


ANNULAR LIGAMENT 
HEAD OF RADIUS (CUT| 



CAPSULAR LIGAMEN* 


IORONOIO PROCESS 


AW 4 »fL Hi! "I*™' joint Seen from 

Above after removing the head of the radius partially. 

anterior SfcSjJlJ (Medial) ligament. It consists of three parts, thickened 
tSckrned tenor Part* and a thin intermediate part lying between them. The 
condyle of the K, a b° vc to the anterior part of the medial cpi- 

S pnm rf thSi i bC fcV° anterior and medikl margins of the coro- 

lower and^osterior iSrr n*^t C thl ^ cacd .posterior portion is attached above to the 
-dial maSSi 5 f the mcd,a! epicondyle of the humerus, and below to the 
' ^cSdltovr to tS?w n0n Pm° f thcu,na - Thc intermediate portion 
to the lower end of thc medial epicondyle, in front to thc anterior 
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band, behind to the posterior band and below to the oblique band of the ulnar colla- 
teral ligament. The oblique band forms a thickened band of fibres which stretches 
between the olecranon and the coronoid processes of the ulna. The medial ligament 
is covered anteriorly by flexor digitorum supcrficialis (sublimis) ct flexor carpi ulnaris 
i and medially by the triceps bracltii muscle. 

(3) Radial Collateral (Lateral) ligament. It is roughly triangular in 
•' shape the apex of which is attached above_tQ,thc- antero-inferior part of the lateral 
cpicondyle of the humerus and below its base is attached to the lateral aspect of the 
annular ligament and to the adjacent margins of the radial notch of the jjrtna. The 
1 ligament is strengthened by the origins of the supinator and the extensor carpi radialis 
brevis muscles. 


/ 


Synodal membrane. It extends from the margin of the articular surface of the 
humerus and lines the coronoid, radial and the olecranon fossae on that bone and 
covers the flattened medial surface of the trochlea. It is reflected over the deep 
surface of the capsular ligament and lines the deep surface of the annular ligament. 
From the annular ligament it is reflected on to the neck of the radius and extends 
upwards up to the articular margin of the head of the radius. From the medial 
aspect of the neck of the radius it passes medially over the quadrate ligament to the 
lower margin of the radial notch of the ulna forming a Cul-de-sac itulhis -region. 

Relations of the capsular ligament s "/ 

Infront. Brachialis. 

Behind. Triceps bracliii and anconeus. 

Laterally. Supinator and the common tendon of origin of the extensor muscles 
of the forearm. 

Medially. Common tendon of origin of the flexor muscles and the flexor carpi 
ulnaris muscle. 

Movements. Flexion and extension are the chief movements of the joint. 
The movements take place around a transverse axis that passes through the humeral 
epicondyles. 

(1) Flexion. Here the joint moves anteriorly as in approximating the forearm 
to the arm. Muscles concerned are the biceps, br achialis and brach io-radialis. 
The common flexors also help in the process^ 

(2}~ Extension. Here the joint moves backwards as in straightening the forearm 
from a bent position. The muscles concerned are the triceps, anconeus and the 
common extensors. 


Artery supply. Arteries are derived from the arterial anastomosis around 
the joint, and the branches are derived From the anterior and posterior descending 
branches of the arteria profunda brachii, anterior and posterior ulnar recurrent 
and the radial recurrent arteries. 


Nerves. Two twigs from the median nerve, one from the ulnar nerve, one from 
the radial nerve and one from the muscular branch of the musculo-cutaneous nerve 
to the brachialis muscle,- supply the joint. 


THE RADIO-CARPAL OR THE WRIST JOINT 

The radio-carpal or the wrist joint is a condyloid sub -group of the synovial 
joint and possesses a wide range of movement.' '*'* 

Parts entering into the arjiculaiion. As it is a condyloid joint the articular surfaces 
are so adapted dial a biconvex ovoid fits into a biconcave elliptical articular surface. 
Superiorly the inferior surface of the lower, end of the radius together with the trian- 
gular articular disc forms the biconcave elliptical surface and inferioriy the scaphoid, 
the .lunate and the triquetra l bones form the biconvex ovoid and the two arlitufa? 
surfaces articulate with each other to form the wrist joint. 
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Ligaments of the joint: 

Capsular ligament. 

Anterior or palmar radiocarpal ligament. 

Anterior or palmar ulnocarpal ligament. 

Posterior or dorsal radiocarpal ligament. 

Lateral or radial collateral ligament. 

Medial or ulnar collateral ligament. 

Capsular ligament. Superiorly, it is attached to the lower end of the radius 
and the head of the ulna above the epiphyseal lines thus enclosing the lower 
epiphyses of the ulna and the radius, and to the margins of the articular disc. 
Inferior />, the capsular ligament is attached to the carpal bones entering into 
the articulation. 

Interiorly the capsular ligament is lined with synovial membrane and the joint 
cavity formed by it does not communicate with the intcrcarpal or with the inferior 
radio-ulnar joints. 

Anterior or the palmar radiocarpal ligament. It is a broad membra- 
nous band situated on the anterior aspect of the capsular ligament. Superiorly 
it is attached to the anterior margin of the Joivrr end of the radius and to the 
anterior aspect or the lower end of the ulna. Inferiorly it is attached to the 
anterior aspect of the scaphoid, lunate and the triquetral bones. Its fibres are 
directed downwards and medially. 



Anterior or palmar ulnocarpal ligament. This is a rounded band of fibres 
which connects the base of the ulnar styloid process and the anterior margin of the 
triangular articular disc of the distal radio-ulnar joint with the lunate and the 
triquetral bones. 

f* Posterior or the dorsal radiocarpal ligament. It occupies the posterior 
of the capsular ligament and its fibres are directed downwards and medially. 
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Jt connects the posterior aspect of the lower ends of the ulna and radius with the 
posterior surfaces of the scaphoid, lunate and the triquetral bones. This is thinner 
than tiie anterior ligament. 

Lateral ligament or the radial collateral ligament. It is attached above 
to the styloid process of the radius and below to the tubercle of the scaphoid and to 
the lateral aspects of the trapezium. It forms the floor of the anatomical snuff-box 
ind the radial artery is intimately related with it. 

Medial ligament or the ulnar collateral ligament. It connects the sty- 
1 process of the ulna with the triquetral and pisiform bones. It is in close rela- 
' tjon ivith the dorsal cutaneous branch of the ulnar nerve. 

■ Relations of the wrist joint. Anteriorly it is in relation with the tendons of 
(' l ” e flexor digitorum profundus, flexor pollicis longus and the flexor carpi utnaris 
r and lying; in between these tendons and the anterior radiocarpal ligament are the 
anterior interosseous vessels and nerves and the anterior carpal arch. 



Posteriorly it is in relation with the following tendons from lateral to medial side, 
tensor carpi radial is longus et brevis, extensor pollicis longus, extensor digitorum, 
tensor indicis, extensor digiti minimi and intervening between the extensor digi- 
rum tendon and the posterior radiocarpal ligament arc the posterior interosseous 
ssels and nerve and the posterior carpal arch. 

Laterally it is related to the tendons of the abductor pollicis longus et extensor 
>Uici3 brevis and intervening in between these tendons and the lateral ligament 
the radial artery. 

Medially it is in relation to the dorsal cutaneous branch of the ulnar nerve which 
aches the medial aspect of the medial ligament by passing deep to the tendon of 
ic flexor carpi ulnaris muscle. 
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Movements of the joint. The movements of the joint arc flexion, extemb: 
adduction, abduction and circumduction. Thee movements at the wist yc 
arc associated with movement in the transverse intercarpal joint. The movetra 
of flexion ami extension takes place around a transverse axis whereas the mw 
menu of abduction and adduction take place around an antcro-posterior axis. 

pUxxon is tht fonvard movement of the joint in which the hand is approximated j 
the front of the forearm. The prime movers in this are the flexor carpi ulnarr 
flexor carpi radialis and the palmaris longus. The long flexors of the digits ah 
help in die process. 

Extension or bachcard movement of the joint is produced by the extensor carp: 
ulnari», extensor carpi radialis longus and the extensor carpi radialis brevis. Tht 
long extensors of the digits also help in the process. 

Adduction or ulnar deviation of the hand is caused by the flexor et extensor carpi 

ulnara. 

Abduction or radial deviation of the hand is more restricted than the adduction be- 
cause of the longer radial styloid process and is caused by the fle xor carpi radia lis. 
extensor carpLEadialis longus ct brevis, the abdu ctor poll icis longds and the extcEsr 
poUicirTjrevis, ’ 

Circumduction is the combination of movements of flexion, extension, adductfca 
and abduction following one after another in rapid succession. 

Muscles concerned are those which produce the above movements. 

Artery supply. Arteries supplying the joint are derived from the anterior 
and posterior carpal networks formed by the branches of the ulnar and radial 
arteries. 



Nerve supply. Nerves are derived from the anterior interosseous brand* of 
the median, posterior interosseous branch of the radial and the dorsal cutaneous 
branch of the ulnar nerve. 

The range of movement of flexion apparently seems to be more than ui c 
movement of extension but in reality the movement of extension lias a wider rang? 
than llie movement or flexion. The apparent movement of flexion or the wrist joint 
is due to the simultaneous flexion of the transverse carpal and the carpo-metarafpsj 
joints. Rotation movement of the wist joint is not possible because the elliptKU 1 
w old fanned by the proximal carpal bones lias no advantage for soch movement >0 j® 
mechanism and any attempt to do so will cause a rent in the capsular ligament wtfjj 
subsequent dislocation. Hie absence of rotation movement in the wrist joint is well 
compensated by the pronation and supination of the forearm which take place in 
^ superior and inferior radio-ulnar joints. In these movements the lower end of the 
’’ and the triangular articular disc together with the hand rotate on the 
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of the ulna. The direction of the anterior and posterior radiocarpal ligaments, both 
of which are directed downwards and medially, is well adapted to the implementa- 
tion of these movements. 

Anteriorly the wrist joint 
corresponds to the proximal 
crease opposite the front of the 
wrist joint. Medially the lower 
end of the styloid process of the 
ulna corresponds to the joint 
cavity. The relation between 
the two styloid processes is that 
(he radial styloid is half an inch 
lower than the ulnar styloid 
process. 

THE RADIO-ULNAR 
JOINTS ^ 

"■* The ulna and the radius 
are connected together by three 
joints, proximal, distal and 
middle radio-ulnar joints. The 
proximal and the distal radio- 
ulnar joints are of synovia! 
type whereas the middle one is 
a fibrous union. In the movx- 
ment between the ulna and the 
radius these three joints work as 
a single unit. The axis of move- 
ment is a v r rtirM 

w hich nances frnnrJhe brad o f 
the_radim-to-the-head of the 
\t!na. 

The proximal radio- 
ulnar joint. This is a pivot 
type of synovial joint in 
which the head of the radius 
forms the pivot which, rotates 
in a osseo-fibrous ring formed 
by the radial notch of die ulna 
and the annular ligament. The 
annular ligament subserves the 
function of the capsular liga- 
ment and is lined internally by 
the synovial membrane. The 
joint cavity is continuous above 
with the elbow joint. The liga- 
ments of the joints are I the 
annular and the quadrate liga- 
ments. 

- Annular ligament. It is 
a ring-shaped fibrous band 
which surrounds the head of 
the radius and is attached to 
the anterior and the posterior 
margins of the radial notch of 
the ulna. It forms about $ of the osseo-fibrous ring and its upper border blends with 
the capsular and the radial collateral ligaments of the elbow joint. Its inferior 
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margin remains free so as to fonn a tight collar aroundthe neck of the radios. The 
synovial membrane that lines the lower part of the inner aspect of the annular 1 
ligament after reaching its lower margin is reflected on to the neck of the radius to - 
which it is attached. The upper part of the annular ligament which surrounds the ' 
circumferential margin of the head of the radius is fibrocartilaginous. , ^ 

The annular ligament gives origin to some fibres of the supinator muscle and is'- 
related posteriorly to anconeus and to the interosseous recurrent vessels. • ’ r 

Quadrate ligament. It b a short quadrangular band that stretches between 
the lower horder of the radial notch of the ulna and the neck of the radius above i 
the radial tuberosity. It is lined superiorly by synovia! membrane. , 

The Distal radio-ulnar joint. This is a synovial joint between the head 
of the ulna and the ulnar notch of the lower end of the radius. The joint is com-, 
pleted inferiorlv by a triangular articular disc which separates the distal radio*' 
ulnar joint from the radio-carpal (wrist) joint. The joint is surrounded by a cap- 
sular ligament which is lined internally by the synovial membrane. 

The triangular articular disc. I t is a fibro-cartilaginous disc, triangula r 
in shapc 1 ha\m g-tt-bm< *. an apex, anterior and posterior margins j uukai gpera iid 
low? surfaces. Its baseis attached to the smooth ridge separating the ulnar notch 
of tKc radius and the distal articular surface of the lower end of the radius. Its ap« 
is attached to the base of the styloid process on the distal aspect of the head of die ulna. 
Its anterior and posterior margins give attachment to the capsular ligament. I« 
upper surface is in contact with the semilunar area on the distal aspect of the head 
of the ulna and comes to the formation of die distal radio-ulnar joint; its lower surface 
is in contact with the medial part of the lunate bone, and with the triquetral bone, 
when the hand is adducted and comes to the formation of the radio-carpal joint. 

The Middle radio-ulnar joint. This is a fibrous union between the bodies 
of the ulna and the radius and the union is effected by the oblique cord and the 
interosseous membrane. 

Obliqne Cord. This is a cord-like narrow, oblique, fibrous band directed 
downwards and laterally, and is attached above and medially to the lateral side ol 
the ulnar tuberosity, and below and laterally, to the shaft of the radius below the 
radial tuberosity. 

Interosseous membrane. It is a strong, thin, membranous sheet that fdk 
up the interosseous space between the radius and the ulna. Most of its fibres ate 
directed downwards and medially and are attached laterally to the interosseous or 
the medial border of the shaft of the radius and to the posterior margin of the ulnar 
notch of the lower end of the radius. Medially it is attached to the lateral or the 
interosseous border of the ulna. Superiorly it is deficient and extends uptown point 
about an inch below the lower pare of the radial tuberosity’. Interiorly it fxtcooi si 
far as the distal radio-ulnar joint. Some of the fibres of the interosseous xnembtane, 
particularly in its distal part, arc directed downwards and laterally from ulna to the 
radius. The interosseous membrane is broader in the middle and narrower bot-‘ 
above and below. 

Relations. Anteriorly in its tipper tltrec-fourths it is covered laterally by 
flexor poll iris longus and medially by the flexor digitorum profundus; m its lower 
one-fourth it is covered by the pronator quadratus. The anterior intp'o s5COU, 
vessels and nerve descend vertically downwards between the flexor polheis long^* 
and the flexor digitorum profundus; the anterior interosseous vessels do not reach 
as low as to the lower end of the membrane but they pierce through it at a distance 
of about an inch from the lower end to pas3 to the back of the forearm. 

Posteriorly it is covered by the supinator, abductor polliris longus, extensor 
polliris brevis, extensor polliris longus and the extensor indicis from above down- 
x wards; the posterior interosseous nerve comes into relation with it in the lower pat -1 
•of the forearm. 
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Superiorly it h deficient so as to form a gap between its upper border and the 
ilique cord through which the posterior interosseous vessels pass to the back of the 
rearm. 

Infertility it blends with the capsular ligament of the inferior radio-ulnar joint. 


rovidcs extra surface area between the ulna and the radius tor muscu 


tajtaihwmiSSgi 



The muscles concerned in supination are the supinator and the biceps brachii; 
ic biceps brachii works as a supinator when the elbow is semi flexed. The brachio- ’ 
idiajis also helps in supination from mid-prone position. The muscles concerned in 
ronation arc the pronator teres and the pronator quadratus. Thp^brachio-radialis 
bo helps in bringing the supinated forearm in pronation. / 


THE INTERCARPAL JOINTS 

The joints between the carpal bones consist mainly of thiec articulations: 
i) articulation between the bones of the proximal row, (b) articulation between 
lie bones of the distal row and (c) the mid-carpal joint between the bones of the 
rotimal and the distal rows. 

Articulation between the bones of the proximal row. The scaphoid, 
mate and the triquetral bones articulate with one another by transverse bands offi- 
iroust'mueand by two interosseous ligaments. The anterior transverse band is known 
S the ligament while the posterior band Is called the dorsal ligament. Of the 

wo interosseous ligaments, one is interposed between the scaphoid and the lunate 
nd the other between the lunate and the triquetral bones. 

The pisiform bone articulates with anterior aspects of the triquetral bone by 
hrcc ligaments, capsular, pisohamate and pisomciacarpal ligaments. 

The capsular ligament surrounds the articular surfaces of the triquetral and the 
(isiform bones and is lined internally by the synovial membrane. It forms a 
separate synovial joint. 

The pisohamate ligament connects the pisiform bone with the hook of the hamate, 
fhe pisomelarojpnl ligament extends from the pisiform bone to the base of the 
tfth metacarpal bone. Both the above ligaments are fibrous expansions from the 
endon of the flexor carpi ulnaris which is inserted into the anterior aspect of the 
sisiform bone. 

Articulation between the bones of the distal row. The bones of the distal 
row, that is, the trapezium, trapezoid, capitate and the liamate articulate with one 
mother by dorsal and palmar ligaments and by three interosseous ligaments. 

Mid-carpal or transverse carpal joint. The distal articular surfaces of the 
bones of the proximal row, except the pisiform bone, form a concave articular sur- 
face which articulates with the convex articular surface formed by the bones of the 
distal row. The ligaments of the joint are the’ palmar, dorsal, lateral and medial 
ligaments. 

The palmar and the dorsal ligaments are short bands of fihres which extend from 
the bones of the proximal to the distal rows and each occupies the corresponding 
aspect of the bones. The palmar ligaments connecting the head of the capitate 
bone with the bones adjacent to it, consist of short radiating bands and are knorni 
as radiate carpal ligaments. 

The lateral or the radial collateral ligament connects the trapezium with the 
scaphoid while the medial or the ulnar collateral ligament connects the triquetral 
'‘ridi the hamate bone. 
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THE CARPOMETACARPAL JOINTS 

These are the joints formed between the distal carpal bones (trapezium, trapezoid, 
capitate and the hamate) and the bases of the metacarpal bones. Jlie first carp > 
metacarpa l joint is a saddle joint and enjoys wide range of movements whiin?,? 
rest of thfM Pihts are ot plain type an d each consists ot paiiiiar. dot sal aiui uitcaax 
ous ligaments and is lined internally by synovial membrane. 

CARPO-MErACARrAL joint of me THUMB. The bones entering into this art!' 
culation aic the dista l surface of the trapezium and the base of the first mctacarg il 
bone. It is. a saddle joint and consists of a capsular ligament which surrounds the 
arti< ular surfaces of the two bones. It is lined internally by synovial membrane. 

The ligaments of the joint are capsular, palmar, dorsal and lateral. j 

Capsular ligament. It forms a thick but loose membrane that surrounh 
the maigins of the articulating surfaces of the two hones. It is lined internally b> Hit 
svnoual membrane which forms a separate joint cavity. 

Palmar ligament. It is an oblique band directed downwards and medial’? 
and is attached above to the palmar aspect of the trapezium and below to the ulnar 
side of the base of the fust metacarpal bone. 

Dorsal ligament. It is similarly disposed like the palmar ligament and » 
attached above to the dorsal aspect of the trapezium and below to the ulnar side of 
the base of the first metacarpal bone. 

Lateral ligament. It is a strong band that connects the lateral aspects of tl>< 
two bones. 

Nerve supply. It is supplied by the median nerve. 

Movements. It consists of flexion, extension, adduction, abduction, opp*'" 
tion and circumduction. Flexion and opposition movements are caused by w 
opponens pollicis and the flexor pollicis longus et brevis. Extension is caused by «•* 
two extensors of the thumb, namely, extensor pollicis longus et bre\is. Abduction* 
caused by the abductor pollicis longus et brevis while adduction is caused bv jF 
adductor pollicis. Circumduction is the combination of all the movements wind) 
follow one after the other. 

Carpo-Mctacarpal joints of the medial four digits. These ^ re 
types of synodal joints. These joints are supported by indefinite capsular ligarceiis 
and by palmar, dorsal and interosseous ligaments. The joint cavities formed by » j 
reflections of the synovial membrane arc often continuous with each other and V j 
the intercarpal joints. The joint between the hamate bone and the fourth and in j 
fifth metacarpal bones may form a separate joint cavity. 

Dorsal ligaments. They form short bands which extend between ll ,c 
and the metacarpal bones on the dorsal aspect. Except the fifth -metacarpal cst 
of the other three metacarpal bones is connected with two bands. The * C(t ® 
metacarpal bone is connected with trapezium and trapezoid, the tfiird with 
zoid and capitate and the fourth with capitate and hamate. The fifth mctac3fp* 
bone is connected with a single band that extends between it and the ban 53 
bone. ' ( 

Palmar ligaments. The palmar ligaments are similar in arrangement ft* 
the dorsal ones except that the third metacarpal hone has three bands of conn« | 
tion, medial, lateral and intermediate. The medial band extends from theh arna *| 
the lateral from the trapezium and the intermediate from the capitate. ^ 

Interosseous ligaments. They form shorthands which connect the con^i 
guous distal margins of the capitate and hamate bones with the adjoining su r,a , 
of the third and the fourth metacarpal bones. 
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THE 1NTERMETACARPAL JOINTS 

The contiguous surfaces of the bases of the second, third, fourth and the fifth 
nctacarpal bones articulate with each other to form the intermeta carpal joints. They 
arm plan e types of synovial joints and their joint cavities are continuou s with each 
ither and? with tiic carpo-mctacarpal joints! The ligaments of these joints ate pal- 
nar, dorsal and interosseous. 

The palmar and the dorsal ligaments form transverse hands that extend 
com the base of one bone to the other on the palmar and the dorsal aspects respect* 
rely. v 

The interosseous ligaments form short bands that extend between the con- 
iguous surfaces of the bases of the two adjacent bones distal to their articnlating 
urfnces. 

Movements. The intcrmetacnrpal joints permit some simple gliding move- 
nents between the two articulating bones. 


THE METACARPO-PHALANGEAL JOINTS 

Each is a condyloid joint and is formed hv-t he head of the metacarpal bone 
tnd the base of th e proximal phalanx ? The ligaments of the joint are the palmar 
md_ collateral ligaTnciits. The deep transverse ligament of the palm forms an 
idditional ligament. 

Palmar ligaments. They occiipy the anterior aspect of the joint and form 
hickcned fibro-cartilaginous bands. Distally, they arc attached to the palmar 
ispcct of the base of the proximal phalanx and proximally, they gain their principal 
Utachment to the deep transverse ligament of the palm and partial attachment to 
he head of the metacarpal bone. Their attachment to the base of the proximal 
ahalanx is more firm than their attachment to the head of the metacarpal bone. 
Dn either side they blend with the collateral ligament. Their palmar surface forms a 
hallow groove for the reception of the flexor tendons of the digit and on either side 
their margins give attachment to the fibrous sheath of the flexor tendon. Their 
dorsal surface forms a part of the artifcufar area. 

Collateral ligaments. The collateral ligaments are strong fibrous bands on 
either side of the articulation and proximally, they are attached to the dorsal tubercle 
and to the depressed area on the sides of the head of the metacarpal bone. Distally, 
they are attached, on either side, to the base of the proximal phalanx. 

Transverse ligaments of the palm. They form three distinct transverse 
bands which connect the palmar ligaments of the metacarpo-phalangeal joints of the 
second, third, Fourth and the fifth digits. 

Nerve supply. They are supplied by the deep branch of the ulnar nerve. 

Movements. Their principal movements are flexion and extension although 
they have slight side to side movements in the form of adduction and abduction. 

Synovial cavity of the carpal joint. The synovial cavity is very much 
extensive and forms an irregular transverse cavity, the main cavity, which intervenes 
between bones of the proximal and distal rows (except the pisiform). Two prolonga- 
tions extend upwards, one on each side of the lunate bone and three prolongations 
extend downwards between the four bones of the distal row. The distal prolonga- 
tion between the trapezium and the trapezoid bones sometimes communicates with 
the carpo-metacarpal joint below owing to the absence of interosseous ligament 
between the two bones. Similarly, the prolongation between the capitate and the 
hamate may also communicate with the carpo-metacarpal joint below. 
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Nerve supply. It is supplied by the median, ulnar and the posterior intern? 
scous nerves. 

Movements. The principal movements of the joint are flexion and extend 
carried out by the flexors and the extensors of the wist joint. 

THE INTERPHALANGEAL JOINTS 

There are two intcrphalangeal joints, proximal and distal, in each of the nwtfj! 
four finders, and one in the llmmh. The mtrrph alangeal joints are hinge tv^ r nf. 
svnovial joints. The ligaments of the joints - arc Uie same as in the metacarpoplu- / 
lengeal joints and tliev are capsular, palmar and collateral ligaments. 1 



Fig. 464. The rortacarpo-phAUngra! and the inler-phalangcal joint* 
oT the left *ide. Seen from the front. 

Capsular ligament. It surrounds the bony ends entering into the ■«**£ 
A t,on * » « particularly thin over the dorsal aspect and is mostly replaced by UIC 
extensor expansion. • 
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Palmar ligaments. Each palmar ligament is a fibro-cartilaginous structure 
which is attached firmly to the palmar aspect of the base of the distal bone and loosely 
to the head of the proximal bone. It forms a strong thick band on the palmar as- 
pect of the joint and blends with the capsular ligaments. 

Collateral ligaments. They arc two oblique bands one on each side of the 
joint. Each band extends from the dorsal aspect of the side of the head of the pro- 
ximal bone to the palmar aspect of the side of the base of the distal bone. 

Artery supply. The interphalangca! joints are supplied by branches from the 
digital arteries. 

Nerve supply. The interphalangca] joint of the thumb is mostly supplied 
by the median nerve and to a small extent by the radial nerve, the joints of the index 
and middle fingers by the median nerve alone; the joints of ring finger arc supplied 
by the ulnar and median nerves and those of the little finger by the ulnar nerve alone. 

Movements. The movements permitted in the inter-phalangeal joints are 
flexion and extension. 

Flexion . The movement of flexion, as in approximating the tips of the fingers 
to the palm, is more free than the extension. The muscles producing this move- 
ment arc the flexor digitorum supcrficialis (sublimis) and the flexor digitorum pro- 
profundus, the former directly concerns the proximal interphalangca! joint and the 
latter, the distal intcrphalangeal joint. 

Extension. This is the opposite movement of the movement of flexion as in open- 
ing out the closed hand. This movement is restricted by the tension of the palmar 
and collateral ligaments and by the tension of the long flexor tendons. The mus- 
cles concerned in this movement are the extensor digitorum (chief muscle), inter- 
ossei and the himbricals. 

MOVEMENTS OF THE THUMB 

The skeleton of the thumb consists of two phalanges and the first metacarpal 
bone which articulates with the trapezium. Thus the thumb consists of three joints, 
intcrphalangeal, mctacarpo-phalangcal and carpo-metacarpal, and most of the 
movements are of composite nature involving some from of movement in all the above 
joints. However, movements permitted are not of the same type in all the three 
joinl3. Thus the movements of the thumb arc discussed below separately under 
each of the three joints of the thumb except the movement of opposition which has 
been dealt under a separate head. 

Movement at the interphalangeal joint. The inter-phalangeal joint is a 
typical hinge joint and the movements permitted in the joint are flexion and exten- 
sion. 

Flexion. In this the terminal or the distal phalanx is appoximated towards the 
proximal plalanx as in bending the thumb towards its palmar surface and the range 
of movement is about 90°. This movement is usually associated with the movement 
(flexion) of the metacarpo-phalangcal joint. The muscle concerned in this move- 
ment is the flexor poliicis longus. 

Extension. This is the reverse of the movement of flexion and the degree of move- 
ment is variable. The chief muscle causing this movement is the extensor pollicis 
longus which is assisted by the extensor pollicis bievis, abductor pollicis brevis and the 
adductor pallia's through their connections with the long extensor of the thumb. 

Movements at the metacarpo-phalangeal joint. The movements at the 
metacarpo-phalangeal joint are flexion, extension, adduction, abduction and rota- 
tions. 

- Flexion. In this movement the thumb moves across and parallel to the palm 
of the hand as in bending the thumb towards its palmar surface so as carry it across 
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the front of the palm of the hand. This movement Is associated nidi the move* 
ment of the carpo-mctacarpal joint. The main muscles concerned in this move- 
ment are the flexor pollicis brevis and the adductor pollicis. The abductor polli- 
cis brevis «uid the flexor pollicis longus also assist in this movement. 

Extrusion. This is the reverse movement of the former and is produced by the 
extensor pollius brevis and the extensor pollicis longus. 

Abdtuhon The movement of abduction of the thumb at the metacarpophalan- 
geal joint takes plate at a plane at right angle to the plane of the palm, as in carrying 
the thumb an ay from its contact with radial border of the index finger. The muscle 
concerned m this movement is the abductor pollicis brevis. 

Adduction* In this movement the thumb is brought back to lie in contact with 
the tadial bo'der of the index finger from the position of abduction. The muscle 
mmcnwd in this movement is the adductor pollicis. 

Rotation The flexion is associated with medial rotation while the movement 
of< x tension is associated with the lateral rotation of the thumb. The main muscle 
< auvinv the medial rotation is the opponens pollicis. The lateral rotation is caused 
b\ i \t« nsoi pollicis longus and abductor pollicis longus. 

It apjxan that the final position ofabduction and extension is not the same and 
tlu i movem*-im occur in different planes. 

Movements at the carpo-mctacarpal joint. The movement permitted in 
this |<>int .m the same as in the metacarpo-phalangcal joint such as flexion, extension, 
uddtu non. abduction and medial and lateral rotations. 

Musi les concerned in the above movements are the same as in the metacarpo- 
ph.iUrigf ,il limit except that the opponens pollicis comes in flexion and the abduc- 
tor pollms longus in abduction in addition. 

Movement of opposition. This is an intricate movement of the thumb in 
vvnii h all its three joints are involved. This is a combination of movements in which 
the thumb is abducted, medially rotated, flexed and adducted at the carpo-meta- 
caip.ii and mctncarpo-phalangcal joints and is either flexed or extended in the in- 
tcrplnlangcal joint as in pinching something between the thumb and any other 
huger. 71m is the most usefnl movement of the thumb which enables the human 
hand to acquire its masterly supremacy in picking and gripping different objects. 


THE JOINTS OF THE PELVIS 
THE LUMBO-SACRAL JOINT 

7 lie bon> parts entering into the articulation comist of the bodies of the fifth 
lumbar and the first sacral vertebrae together with the intervertebral due 
intervening between them, and the articular processes of the two vertebrae.' 

1 he articulation between the bodies of the fifth lumbar and the first sacral ver- 
t, me ! s a sc 5°, n . ^ cartilaginous joint and the articulation takes place throng:' 
he medium of the intervertebral disc. Its ligaments are the anterior and posterior 
longitudinal ligaments, which from the principal bond of union between the two 
vtrtebrae, and the lateral lumbosacral and ilio-lumbar ligaments which arc acce- 
ssory support to the joint. 

Z i0 v and r t‘° sUrior longitudinal ligaments cover the corresponding &‘ 
l* otl | cs of ,fl ? «*» vertebrae and are attached to the adjoining margins 
of the two vertebrae and to the intervertebral disc. 

vrrxr ligament is attached above to the lower border of the trans- 

" ^ 1C Sf* h ,umhar vertebra and to the lateral aspects of the ala of the 
region! fcn0rIy ‘ Tt "Presents tlie superior costo-transversc ligament of the dorsal 

-tt v j hgatnenl is a triangular ligament directed backwards and latcr- 

- 3 - b ° VC r° “J? , of the transverse process of the fifth lumbar vertf- 

v and below to the inner lip of the iliac crest behind the quadratus lumborum. 
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The spinous process of the fifth lumbar vertebra is connected to the spinous 
process of the first sacral vertebra by the supraspinous and interspinous ligaments. 

The laminae of the fifth lumbar vertebra are connected with the laminae of the 
irst sacral vertebra by the lowest ligamcntimt flavurn. 

The articulation between the inferior articular processes of the fifth lumbar 
rertebra and the superior articular processes of the first sacral vertebra is a synovial 
ioint and their articular margin* give attachment to the capsular ligament which is 
ined internally by synovial membrane. 

jY.B. The lumbo-sacral intervertebral disc. Like other intervertebral 
discs the lumbo-sacral intervertebral disc is a fib ro-cartilagi nous disc which inter- 
venes between the bodies of the fifth lumbar and the first sacral vertebrae. It corres- 
ponds in shape with the bodies of the vertebrae between which it is placed and is 
much thicker in front than behind and thus resembles a wedge between the above 
tv:o vertebrae and contributes in building up the lumbar convexity. 



In structure, like other intervertebral discs, the lumbo-sacral intervertebral disc 
consists of a central gelatinous mass known as die nucleus pulposvs and a peripheral 
fibre-cartilaginous part known as the annulus fibrosus which is composed mainly of 
of concentrically arranged fibrous rings with a few cartilage cells embedded in it. 
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Tlic nucleus pulposus together with the annulus fibrosus is sandnitcltrd betoccs 
two thin plates oi hyaline cartilage and thus the architecture of the disc as a tm&r 
between the two vertebrae is well secured. 

Da<cln[>mentally, during early embryonic life, the notochordal tissue in the in* 
tervevtebral position at first proliferates rapidly and then degenerates to form a gela- 
tinous mass of tissue from which the nucleus pulposus is derived. Subsequently ik 
notochordal tissue is invaded by the surrounding fibro-cartilaginous tissue whkh 
results in the formation of the fibro-cartilaginous disc having contained within it lit 
nucleus pulposus. The lumbo-sacral intervertebral disc occupies its position in 
betwten the 24th and the 25th vertebrae in the growing vertebral column. 

Functionally it acts as a buffer in absorbing mechanical shock by distributing th* 
pressure rqualh between the vertebrae and thus behaves like a water-cushion. 

Relations. All the intervertebral discs form a part of the anterior boundary of ik 
intervertebral foramen and thus the lumbro-sacrat intervertebral disc forms a part d 
the antcrioi boundary of the fifth lumbar intervertebral foramen and is intiroau'j 
related to the fifth lumbar nerve. It also forms a part of the anterior boundary of jk 
vertebral canal and comes in relation with the corda equina or the spinal cord bejnz 
separated In the spinal meninges and the posterior longitudinal ligament. 
teriorly, opposite the median plane, it is in relation with the median sacral ario? 
and the h\ pogastric plexus of nerves, and more laterally, on either side, with tat 
sympathetic trunk, internal iliac vessels, fifth lumbar and obturator nerves, all the* 
structure!) being separated by the anterior longitudinal ligament. The ureter ho 
in front of the internal iliac aitery in this situation. 

Movements. The movements permitted in this joint arc the sameas inotkf 
vcrtibial joints and consists of flexion and extension around a transverse asa, 
lateral flexion or right and left abduction around a vcntro-dorsal axis and rotation 
(right and left) around the vertical spinal axis. 

Flexion Extension 

Rectus abdominis. Sneros pi mail's. 

Psoas major et minor. Multifidus. 

Internal and external oblique intis- Quadratus lumborum. 
clcs of the alxiomcn. 

Right abduction or lateral fexion Left abduction or lateral Jlexion 

Right quadratus lumbonim. Left quadratus lumborum- 

Right sacrospinalis. Left sacrospinalis. 

Right rotation 

Left external oblique muscle of abdomen. 

Right internal oblique muscle of abdomen. 

Left rotation 

Right external oblique muscle of abdomen. 

Left internal oblique muscle of abdomen. 

Artery supply. It is supplied by the branches from the ilio-lumbar and d* 
superior lateral sacral arteries. 

Nerve supply. It is supplied by branches from the fourth and the fifth Io®h sf 
nerves. It also receives some filaments from the sympathetic nerves. 

THE SACRO COCCYGEAL JOINT 

It is a secondary cartilaginous joint and the bony parts entering into the 
dilation are the apex of the sacrum and the b 3 se of the. coccyx together witit 
x articular disc intervening between the two. The ligaments of the joint are 
- anterior, posterior, lateral sacro-coccygeal and the Intcrcomual ligaments. 
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The anterior sacro-coccygeal ligament is a short ligament that connects the 
anterior aspect of the lower part of the sacrum with the anterior aspect of the 
coccyx. 

The posterior sacro-coccygeal ligament consists of superficial and decpfibrcs. 
The superficial posterior sacro-coccygeal ligament extends from the margins of the 
hiatus sacralis to the dorsal aspect of the coccyx. In its course downwards it closes 
the hiatus sacralis and completes the lower part of the sacral canal. The deep pos- 
terior sacro-coccygeal ligament is attached above to the posterior aspect of the fifth 
sacral veitebra and below to the back of the coccyx. The filmn terminale is attached 
to the back of the first coccygeal vertebra between these two ligaments. 

The inter cornual ligament connects the cornua of the coccyx with the cornua 
of the sacrum. 

The lateral sacro-coccygeal ligament connects the rudimentary' transverse 
process of the coccyx with the inferior lateral angle of the sacrum and forms a 
foramen through which the fifth sacral nerve passes. 

Artery supply. It is supplied by the inferior lateral sacral and the median 
sacral arteries. 

Nerve supply. The nerves are the fourth and the fifth sacral and the coccygeal 
nerves. 

Movements. Moderate degree of forward and backward movements take 
place in this joint which are more marked in case of the female, specially during 
pregnancy. 

Inter coccygeal joints. They arc fixed joints of the nature of the secondary carti- 
laginous joint and the anterior and posterior ligaments connect them together. 


THE SACRO-ILIAC JOINT 

It falls under the sub-group of plane type of synovial joint although the move- 
ments permitted in this joint are very much limited and the articulating surfarcs 
arc Irregular. 

The bony parts entering into the articulation arc the auricular surface of the 
ilium and the auricular articular surface on the lateral mats of the sacrum. Both 
the articular surfaces present irregularities in the form of depressions and elevations 
which reciprocally fit with each other so as to permit a bony interlocking which 
restricts movements, but at the same time increases stability of the joint. _ The auri- 
cular articular surface of the sacrum is covered by hyaline cartilage but its counter- 
part on the ilium is lined by a layer of fibrocartilagc and thus differing from ordinary 
synovial joint in which the bony parts entering into articulation arc lined by arti- 
cular cartilage (hyaline cartilage). 

The joint is completely surrounded by a capsular ligament which is lined 
internally by the synovial membrane. The other ligaments of the joint are as 
follows 

(1) Anterior sacro-iliae ligament. 

(2) Posterior sacro-iliac ligament. 

(a) Interosseous sacro-iliac ligament. 

(b) Short posterior sacro-iliac ligament. 

(c) Long posterior sacro-iliac ligament. 

(3) Sacro tuberous ligament. I 

[ Acccroray ligaments. 

(4) Saerospmou5 ligament. } 

(1) Anterior sacro-iliac ligament. It is a strong band of ligament which covers 
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the anteroinferior part of the joint and is attached to the adjoining margias of the 
two bones. 

(2) Posterior sacro-iliac ligament. It is a very strong and a thick band of ligament 
which covers the postcro-supcnoT aspect of the joint and consists of three strata of 
fibres namely, (a) interosseous sacro-iliac ligament, (b) shorty posterior sacro-iliac 
ligament and (r) the long posterior sacro-iliac ligament, from within outwards, 

<o) Interosseous sacro-iliac ligament. It consists of short, thick and very strong 
fibres which fill up the narrow interosseous spaces adjoining the postero-superior 
aspects of the joint cavity and connect the two bones (sacrum and ilium) 
together 

(b) Short posterior sacro-iliac ligament. It consists of short oblique and horizontal 
fibres which connect the two bones together and lie superficial to the interosseous 
ligament. Its upper fibres arc horizontal while its posterior fibres arc oblique which 
extend medially and dow'mvards from the postero-superior iliac spine to the upper 
two sacral transverse tubercles. 

(r) iemg posterior sacro-iliac ligament. Postcro-lateral to the short posterior sacro- 
iliac ligament is the long posterior sacro-iliac ligament which runs vertically down- 
wards from the posterior superior iliac spine to the third and the fourth transverse 
sacral tubmcle*. Us lateral fibics are blended with the sacrotubcrous ligament. t 

(31 Sacrotuberous ligament. It is attached above to the posterior superior iliac 
spine and to the back and side of the lower part of the sacrum and the coccyx. 
Below it is attached to the medial margin of the ischial tuberosity and to the inferior 
margin of the ramus of the ischium; the portion attached to the latter ends in a free 
falciform border and is known as the falciform process. The sacrotuberous ligament is 
pieiced b\ twigs fiom the coccygeal branches of the inferior gluteal artery’, From 
its posterior surface the lower fibres of the gluteus maximus muscle takes its origin 
while some of its lower superficial fibres become continuous with the tendon of origin 
of the biceps femoris and is supposed to be the fibrous remnant of the cmbryologieu 
head of the same muscle. 

(4 1 Sacrospinous ligament. It is a triangular ligament the apex of which is atta- 
ched to the tip of the ischial spine while its base is attached to the lower part of the 
lateral margin of the sacrum and to the upper lateral margin of the coccyx in front 
of the sacrotuberous ligament. Its fibres are closely intermixed with the fibres of the 
sacrotuberous ligament and arc closely blended with the coccygeus muscle which 
lies in front of it and of which it is supposed to be the fibrous remnant. The sacto- 
spinous and the sacro-tubcrous ligaments together covert the greater and the lesser 
sciatic notches into the corresponding foramina. 

Relations. Anteriorly the fibrous capsule of the joint is in relation with the lum- 
bosacral nerve trunk, the first sacral nerve and the superior gluteal artery medially 
while the ilio-psaas muscle is related to it laterally. The superior gluteal artfty 
usually intervenes between the lumbosacral trunk and the first sacral nerve. The 
ilio-lumbar artery ascends upwards and laterally in front of the capsule. The Ob- 
turator nerve also descends downwards and laterally in front of it and intervene* 
between the medial edge of the psoas and the fourth lumbar nerve which con* 5 
down to join with the lumbosacral trunk. Posteriorly it is related to the gluteus 
maximus laterally and to the sacrospinalis muscle medially. 

Artery supply. The branches from the superior gluteal, iliolumbar and the 
upper lateral sacral arteries supply the joint. 1 

Nerve sqpply. The nerves arc derived from the anterior primary rami of tbe 
first and second sacral nerves, superior gluteal nerve and branches from the obtura- 
tor and the posterior primary rami of the first and second sacral nerves. 

Movements. Although the movement is much restricted slight antero-pos* 

V>r rotary movements arc permitted in this joint and this is greater in case of v> 

' v . specially during pregnancy. 
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The Symphysis pubis 

The medial or symphyseal surfaces of the pubic bones articulate with each 
ter by the intervention of a plate-like fibrocartdage and form the pubic symphv- 

The bony surfaces entering into the articulation are covered by a thin layer of 
aline cartilage and are connected together through the medium of the fibrocarti- 
;3nous disc which may contain a cavity within. It is a secondary cartilaginous 
joint and consists of superior and inferior pubic and the anterior pubic 
ligaments. 

The superior pubic ligament connects the superior aspects of the two pubic 
bones. Their fibres are less numerous and are weak in consistency. 


THE JOINTS OF THE INFERIOR EXTREMITY 

THE HIP JOINT 

The hip joint is a ball and socket sub-group of the diarthrodial joint. The bony 
parts entering into the articulation are the head of the femur which forms the ‘ball’ 
and thcacetabular cavity which forms the ‘socket’ and receives the spheroidal head of 
the femur. The head of the femur is everywhere covered by the articular cartilage 
except at its centre where its forms a pit for the attachment of the ligament of the 
head of the femur ^Ligamentum teres femoris). The acetabular cavity is an in- 
complete socket having a notch inferiorly — the acetabular notch which is completed 
in the recent state by the attachment of the transverse acetabular ligament which 
bridges across the acetabular notch. The acetabular cavity is lined by articular 
cartilage except at its bottom where it forms a horse-shoe shaped non-artlcular area 
known as the acetabular fossa and is occupied by a pad of fat and the ligament of the 
head of the femur. 

The head of the femur is comparatively smaller than its socket and consequently 
the whole of it is received into the acetabular cavity and this makes the joint well 
secured but at the same time this arrangement restricts the range of movement. 

Ligaments of the joint 

(1) Capsular ligament. 

(a) Ilio-femoral ligament. 

S Ischio-fcmoral ligament. 

Pubo-femoral or pubo-capsular ligament. 

(2) Ligament of the head of the femur. 

(3) Transverse acetabular ligament. 

(4) Acetabular labrum. 

(1) Capsular ligament. The capsular ligament of the hip joint is very strong 
and dense and consists of an outer fibrous and an inner synovial stratum. 

The fibrous stratum of the capsular ligament consists of inner circular and outer 
longitudinal fibres which are more numerous and surround the joint on all sides. 
The inner circular fibres are less numerous, run circularly deep to the outer longitu- 
dinal fibres and they have no bony attachment. They cause an hourglass constric- 
tion within the capsule and constitute the zona orbicularis of the capsular ligament. 
The outer longitudinal fibres run mostly longitudinally from the hip bone to the femur 
and form the main bulk of the fibrous stratum. Some of the deepest longitudinal 
fibres after being distally attached to the femur are reflected upwards upon the neck 
and proceed towards the articular margin of the head. These reflect cd fibres which 
are coilectcd into bundles, particularly on the lower and upper aspects of the neck, 
are called the cervical ligaments or the retinacula. 
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The fibrous stratum of die capsular ligament is supported by expansions from 
the rectus femoris, the gluteus minimus and die piriformis muscles and is strengthen" 
ed by three supplemental bands, namely, the Mo-femoral, the ischiofemoral and the 
pubofemoral ligaments, specially developed to meet particular stress and strain to which ' 
the capsule is subjected. 

Attachments. Proxtmally the capsular ligament is attached to the acetabular 
margin except superiorly where it extends for about 1/4 inch beyond the acetabular 
margin; anteriorly it blends with the acetabular ljbrum and inferiorly it blends with 
the transverse acetabular ligament. 



Dis tally it surrounds the neck of the femur and is attached anteriorly to th c 
trochanteric line; posteriorly it encloses about | of the neck and is attached to it 
Knit iialf-an-inch above the trochanteric crest; superiorly 'it is attached to the 
Jc dose to its junction with thc greater trochanter and inferiorly it is attached to 
*■»*•* above the root of thc lesser trochanter. 
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- Thus it appears that the whole of the anterior part, and about | of the posterior 
«part of the neck is intracapsular. The epiphyseal cartilage for the head is intracap- 
^sular while those of the trochanters arc extra-capsular. 

The supplemental bands of Ihe copsular ligament. The iliofemoral ligament. It 
occupies the anterior aspect of the capsular ligament and is triangular in shape, the 
^ apex of which is attached to the lower part of the anterior inferior iliac spine and to 
"-the adjoining part of the acetabular margin. Its base consists of upper and lower 
'thick bands and a thin intermediate band. The lower band winch is vertical in 
~ direction is attached to the lower part of the trochanteric line whereas its oblique 
upper band is attached to the upper part of the trochanteric line; its intermediate 
hand is attached to the trochanteric line in between the two former bands. The 
fibres of ibis ligament arc incorporated with the fibres of the capsular ligament. The 
.ligament resembles the inverted letter *Y’ in appearance and hence it is also described 
as Y-shaped ligament. 

The ischiofemoral ligametit. It forms a broad band of fibres which covers the 
posterior aspect of the capsule and is attached above to the ischium below and 
behind the acetabular margin. Below, majority of its fibres are blended with the 
capsulac ligament and a few are attached to the base of the greater trochanter. 

The pubofemoral ligament. It is triangular in shape, the base of which is attached 
to the ilio-pubic eminence, superior ramus of the pubis and to the obturator crest. 
Its apex blends with the capsular ligament and with the deep aspect of the lower 
band of the iUo-fcmoral ligament. 

All the three supplemental bands become taut when the hip joint is extended. 

Opening in the capsular ligament. There is usually only one opening in the capsular 
ligament and is situated between the lower band of the ilio-femorat ligament and 
the pubo-femoral ligament. This deficiency in the capsule is well compensated by 
the overlying strong tendon of psoas major muscle in this situation. A bursal 
protrution of the synovial membrane through this opening intervenes between the 
capsular ligament and the tendon of the psoas major muscle and serves as a bursa for 
the same. Posteriorly occasionally the attachment of the capsular ligament to the 
neck of the femur may be deficient and a bursal protrution of the synovial membrane 
under the lower free edge of the fibrous capsule serves as a bursa for the tendon of 
obturator extemus musde. 

The synovial stratum of ihe capsular ligament. The synovial membrane of the 
capsular ligament lines the interior of the fibrous capsule and then is reflected onto 
the neck of tire femur and extends as far as the articular cartilage of the head. It 
also 'covers both aspects of the acetabular fabrum and contribute in the following 
special formations: 

(1) Tubular sheath lor the ligament of the head of the femur 

(2) Sheath for the acetabular pad of fat 

(3) Bursa for the tendon of psoas major muscle 

(4) Bursa for the tendon of obturator extemus muscle 

(5) The folds of synovial membrane overlying the cervical ligament or the 
retinacula carry blood vessels for the supply of the femoral head. 

Relations of the capsular ligament. Anteriorly the capsular ligament is related to 
tiie pectineus, the tendon of the psoas major, the iliacus and the straight head of the 
rectus femoris muscles from medial to the lateral side; the pectineus separates the 
capsule from the femoral vein and the psoas tendon from the femoral artery; the 
femoral nerve lies in the groove between the iliacus and the psoas. 

Posteriorly. The capsular ligament is related to the piriformis, gemellus superior, 
tendon of obturator intemus, gemellus inferior and obturator extemus in order from 
above downwards. The tendon of obturator extemus separates the capsule from 
i the quadratus femoris and is accompanied by the ascending branch of the medial 
•V circumflex femoral artery; the nerve to the quadratus femoris intervenes between the 
* j capsule and the common tendon of obturator intemus et gemelli; postero-superiorly 
I# the sciatic nerve is separated from the capsule by the common tendon of obturator 
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Traced vertically at the sides it is found to be attached above on to the two walls 
of the articular surface of the condyle of the femur; laterally its upper attachment is 
the same as on the medial side except that it forms a subpopliteal recess between the ten- 
don of the poplitcus and the bone. Inferiorly the synovial membrane descends as 
two folds or walls, one on each side, from each femoral condyle; the central fold is 
found to be attached below to the inner edges of the articular surface of the corres- 
ponding tibial condyle; the peripheral wall or fold is attached inferiorly to the 
upper and outer edge of the corresponding meniscus and then its line of continuity' is 
broken and the membrane is again found to be attached to the lower and outer 
-dge of the miniseus and finally forming a small cul-de-sac is attached to the arti- 
ular edge of the corresponding condyle of the tibia. 

From the attachments of the synovial membrane it appears that the synovial ca- 
tty formed by it is incompletely subdivided into several inter-communicating com- 
lartmcnts. Seen 'from benind the synovial cavity is found to be divided into medial 
:nd lateral parts together with an intersynovia! space posteriorly. Due to the inter- 
r cning meniscus each of the lateral and medial synovial cavities is subdivided into 
ipper and lower parts; the upper one lies above the meniscus while the lower one 
ies below it and the two parts communicate with each other centrally around the 
bin free edge of the meniscus. Moreover posteriorly the lateral synovial cavity 
ends out a recess, the subpopliteal recess , which acts as a bursa between the bone and 
he tendon of the poplileus.. 

Ligamcntam patellae. It is the central portion of the common tendon of 
he quadriceps femoris muscle and extends from the lower end of the patella to the 
uberosity of'thc tibia. It is attached above to the adjoining margin and to the 
■dugli depression in the lower part of the posterior surface of die patella. Below it is 
ittachcd 40 the upper part of the tubercle of the tibia. 

Oblique posterior ligament. It is a broad fibrous band attached above to 
he lateral part of the intercondylar line and to the lateral condyle of the femur 
ind below it blends with the capsular ligament of the joint. It consists of a strong 
asciculus which is derived from the tendon of the semimembranosus muscle. 

Arcuate ligament. It is attached to the lateral condyle of the femur and passes 
lownwards to fuse with the capsular ligament. An anterior and a posterior band of 
ibres converge from the upper and lower ends of the ligament respectively to unite 
together and form the retinaculum of the ligament which is attached to the styloid 
process of the fibula. 

Tibial collateral (Me dial 1 ligament. It is a broad flat band of fibres, 
ittached above to the whole of the medial epicondyle of the femur immediately 
iclow the adductor tubercle; below to i the medial condyle, the upper and posterior 
sart of the medial surface and the adjoining medial border of the shaft of the 
:ibia. Its anterior margin remains free whereas its posterior margin is attached to 
:he medial meniscus between its femoro-tibial attachments. Its superficial surface 
s crossed by the tendons of the sartorius, gracilis and semitendinosus, a bursa inter- 
vening. - Morphologically the medial ligament represents the degenerated portion of the adduc- 
'or magnus. Its deep surface covers the inferior medial genicular vessels and nerves 
md the anterior part of semimembranosus. 

Flbular collateral (Lateral) ligament. It is cord-like and is attached 
above to the lateral epicondyle of the femur immediately above the groove for 
the tendon of thc'popliteus. " Below Jt is attached to the lateral side of the head of 
thefibula, in front of its styloid process. Deep to the ligament there lies the tendon 
of the popliteus and the inferior lateral genicular vessels and nerves. 

Cruciate ligaments. The cruciate ligaments are well named because they 
cross each other like the limbs of the letter *‘X“, in the interval between the two con- 
dyles of the femur. According to their situation within the joint, they are named 
anterior and posterior cruciate ligaments. 
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Anterior auricle ligament. It is attached below to the intermediate rough area « 
the proximal surface of the tibia, just in front of the anterior attachmentof tht Lveri 
meniscus (semilunar cartilage). Above it is attached to the posterior part of th 
medial surface of the lateral condyle of the femur. 

Posterior eructate ligament. It is attached below to the posterior part of th< 
posterior intercondylar area of the tibia immediately behind the posterior cr.d d 
the medial meniscus (semilunar cartilage). Above it is attached to the antcrfct 
part of the lateral surface of the medial condyle of the femur. ' ■. 

Furitio’is of the cruciate ligaments. Like all other ligaments the cruciate ligatnatB 
fin// the femur and the tibia together and prevent their displacement. They also help the cd'i 
trial ligaments to prevent bending of the joint to either side. In the internal derangenro' 
of thr knee joint while testing the integrity of the cruciate ligaments it is ftraaj 
that if the anterior cruciate ligament is ruptured the tibia shows undue forwt't 
mobility; similarly when the posterior cruciate ligament is ruptured it shows urth 1 
backward mobility. On this basis it has long been known that the anterior cetr.it 
hgement prevents the tibia being tamed too Jar fortiori tihile the posterior cruci ate lig tn& 
prevents the tibia being carried too far backiiards. 

According US recent views* the cruciate ligaments together with cite sanihnz 
carulages aet as guide-ropes to keep the tibia on its winding path during flexion end extends 
of the knee joint. The menisci (semilunar cartilages) arc in continuity with th 
cruciate ligaments and Sir Harry Platt described this arrangement a$ the 
of eight” anatomy of the knee joint and that they work together. 



UCAMSNT Of WRISUXG 

Fig. 467 . The Irfl superior tibio-Ebular joint and die upper end of the left tibia to d*"* 
the intercondylar attachments. . 


Transverse ligament. It connects the anterior convex margin of thelat^ 5 
to the anterior end of flic medial semilunar cartilage. 

Coronary ligament. They are short vertical fibres derived from the cap*®!* 
ligament and connect the peripheral margin ofthejnemsci (semilunar carting 0 
with the tibia. " * 


Arthur J. Hclfrt. J. Bone and Joint Sure . May, 1959. 
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Posterior meniscofemoral ligament (Ligament of Wrisberg). It is a 
oblique band of fibres that extends from the posterior end of the lateral meniscus 
(semilunar cartilage) and follows the posterior aspect of the posterior cruciate 
ligament and is attached to the lateral surface of the medial condyle of the femur 
along with the posterior cruciate ligament." 

Anterior meniscofemoral ligament (ligament of Humphry), It is a 
comparatively thinner band of oblique fibres that connects the posterior end of the 
lateral meni scus (semilunar cartilage) to the lateral surface of the medial condyle 
of the femur passing anterior to the posterior cruciate ligament. 

Menisci (Semilunar cartilages). Semilunar cartilages are two crescentic 
plates of fibro-cartilaginous discs which are placed on the condylar surface of the 
tibia. They deepen the surface upon which the femoral condyles roll. Each 
semilunar cartilage presents two fibrous extremities or horns which are attached 
to the rough intercondylar area of the tibia. They are thick towards the 
circumference of the joint and thin towards the centre of the joint. Both surfaces are 
smooth and measure about l*3cm. at the widest part. Each semilunar cartilage 
covers the peripheral two-thirds of the corresponding articular surface of the tibia. 

A Udial meniscus (semilunar cartilage). It is somewhat semicircular in shape and 
is broader behind than in front. Its anterior hom is attached to the anterior part 
of the intercondylar area of the tibia, in front of the anterior cruciate ligament. 
Its posterior end or hom is attached to the posterior intercondylar area, in front of 
(he posterior cruciate ligament and behind the posterior hom of the lateral 
meniscus (semilunar cartilage). Its peripheral border is attached to the capsular 
ligament and is firmly adherent with the deep surface of the medial ligament of the 
knee joint. 

Lateral meniscus { semilunar cartilage). It is almost circular in form . Its anterior 
end is .attached in front to the intercondylar area of the tibia, behind and lateral to 
the anterior cruciate ligament. Its posterior end is attached behind^ to the inter- 
condylararca of the tibia just in front of the posterior end of the medial semilunar 
cartilage. Its posterior part is grooved by the tendon of the popliteus. It is separat- 
ed from the lateral ligament by a gap which transmits the tendon of the popliteus 
and the inferior lateral genicular vessels and nerves. 

Functions of the menisci or the semilunar cartilages . The menisci or the semilunar 
cartilages are specially designed Ho dose the incongrueties brought about with the change 
in contact between the articulating surfaces of the-fem ur and the tibia during active 
movements of the joint and are also responsible for making adequate contact between 
them during any static position.'. They are greatly responsible for the perfect oiling and 
gutting mechanism of the joint. They act as buffers in absorbing shock during extreme 
flexion and extension and thereby prevent bony injuries.^ Together with the 
cruciate ligaments they are made into a “figure of eight” which forms a mechanism 
for the rotatory movements of (he knee joint in which the cruciate ligaments act as 
guiding-ropes. 

Relations of the knee joint : 

Anteriorly. It is covered by the quadriceps femoris tendon — the expansions 
from the vastus lateralis and vastusjnedialis occupy the antero-lateral and antero- 
medial part of the joint respectively. 

Postero-mediaUy. With the sartorius and the gracilis. 

Postero-laterally. By the tendon of the biceps femoris with the lateral popliteal 
nerve on its medial side. 

Posteriorly. The popliteal artery with the accompanying lymph glands descends 
downwards on the oblique posterior ligament, the popliteal vein lies on the postero- 
medial aspect of the artery; the medial popliteal nyrve lies posterior to both the 
vessels. Both the vessels and the nerve are overlapped by the two heads of the 
'a gastrocnemius muscle under cover of which on the lateral side, the plantaris muscle 
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forms an additional relation. On the medial side the medial head or the gastro- 
cnemius and the semimembranosus muscles come into relation tvith the capsular 
ligament. 

' -'Movement of the knee joint. The principal movement of the joint ait 
flexion and extension with slight medial and lateral rotations. The movement d 
flexion and extension takes place around a transverse axis whereas the rotetira 
occurs around a vertical axis that passes through the lateral condyle just medial to 
its centre. 

FUxion. If ere the leg is carried backwards towards the thigh, that is, as in approxi- 
mating the back of the leg to the back of the thigh. This movement of flexion b 
associated with a slight lateral rotation of the femur. The muscles concerned arc 
biceps f emoris, se mimemb ranosus and sernitendinosus. The gracilis, sartorius acd 
pophteus assist in the process. 

Extension. Here the leg is carried forwards so as to put the leg in the same li« 
with the thigh. This movement is associated with slight medial rotation of tie 
femur. The quadriceps femoris is the main muscle in concern to produce the 
movement but the tensor fasciae latae may also assist in the process. ' 

At the end of the extension, with the medial rotation of the femur, the cruciate 
ligaments become taut and wind around each other, the tibial and fibular collateral 
ligaments are also taut, the articulating surfaces become more, congruent ana 1h* 
quadriceps femoris is relaxed and further extension of the joint is prevented. In this 
position the knee joint is said to be "locked” which makes it more stable. 

Medial rotation. Popliteus, semimembranosus, sernitendinosus, sartorius and 
gracilis are the muscles which cause medial rotation of the femur at the end ottM 
extension. ' 

Lateral rotation. Biceps femoris causes lateral rotation of the femur at the 
starting of flexion from the position of full extension in which the knee joint n locktu 
The popliteus taking its fixed point on the tibia rotates the femur Literally 
as to unlock the "locked” knee and then the other flexors do the, rest of the 
movement. 

N.B, Rotation occurs throughout the whole range of movement of the Ln f£ j 
joint and not during the extremes of flexion and extension as was thought previous >■ 
Arthur J Helfet.J. Bone and Joint Surg., May, 1959. ' _ j 

Artery supply. Arteries supplying the knee joint arc derived from the gen 10 *' 
lar branches of the popliteal artery, descending gcnicularbranch of the femoral w- , 
tcry, descending branch of the lateral cifCUmflex femoral artery and the anterior 
tibial recurrent artery? 

Nerve supply, FexotxraJ, tetcra) popliteal, esoelea) popH/eaJ . 2 nd obturate 
nerves — each provides branches which together are about ten in nvtao* • 

(1) "XhcJanoTcl nine supplies the joint through branches which proceed fro 10 
nerve to the vastus lateralis, vastus medialis and vastus intermedius 
These nerves pierce the fibres of the quadriceps femoris muscle and supply *» 
proximal and anterior part of the joint. 

(2) The lateral popliteal nerve. It gives out (i) the superior and 1 

lateral genicular nerves which accompany the corresponding artery and end in 
capsular ligament; and (li) the recurrent articular nerve which accompanies 
anterior tibial recurrent artery supplies the distal and anterior part of the capsule- . 

(3) Medial popliteal nerve. It supplies the joint with superior and in feno- 

medial genicular nerves and middle genicular nerves which accompany the corres- 
ponding genicular arteries and end in the capsule. , 

(4) Olturator nerve. The, posterior division of the obturator nerve dest* ‘ 

' on ’he poster o-medial aspect of the popliteal artery and ends by piercing the oouq a 

posterior ligament of tlic knee joint. ' " 
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Bursae around the knee joint : 

' In front of the knee joint 

(!) Sub-cutancous prepatellar bursa intervenes between the lower part of the 
, patella and the skin. It does not communicate with the joint cavity. 

(2) Sub-cutaneous infrapatellar bursa intervenes between the lower part of the 
tubercle of the tibia and the skin. It docs not communicate with the joint. 

(3) Deep infrapatellar bursa intervenes between the upper part of the tibia and 
the ligamcntum patellae. It does not communicate with the joint. 

^ (4) Supra-patcllar bursa is a large one and usually communicates with the joint 
cavity and intervenes between the quadriceps femoris tendon and the lower part of 
the shaft of the femur. 

On the lateral side of the knee joint 

(!) One is interposed between the lateral head of the gastrocnemius and the 
capsule. It usually' communicates with the joint. 

(2) One is interposed between the lateral ligament and the tendon of the 
biceps femoris. It does not communicate with the joint. 

(3) One is placed between the lateral ligament of the knee joint and the tendon 
of the popliteus. It may communicate with the joint cavity. 

^4) One is interposed between the tendon of the popliteus and the lateral 
condyle of the femur. It usually communicates with the joint cavity. 

On the medial side of the knee joint 

(1) One bursa intervenes between the medial head of the gastrocnemius and 
the capsule. It may communicate with the joint cavity. 

(2) Tibial inter-tendinous bursa intervenes between the medial ligament of the 
knee joint and the sartorius, gracilis and the semitendinosus muscles. It has no 
connection with the joint cavity. 

(3) One is interposed between the medial ligament al the knee joint and the 
semimembranosus muscle. It has no connection with the joint cavity. 

(4) One is present between the tendon of the semimembranosus and the medial 
condyle of the tibia. 

(5) One may be situated between the tendons of the semimembranosus and 
semitendinosus. It has no connections with the joint cavity. 

THE TIBIO-FIBULAR ARTICULATIONS 

The leg-bones, that is, the tibia and the fibula, form a combined surface area 
by being united together both at their ends and opposite the intermediate 
position. Superiorly, the head of the fibula articulates with the fibular facet of 
the tibia to form a plane type of synovial joint, the superior tibiofibular joint. 
Tnferiorly, the rough triangular area on the medial side of the lower end of the 
fibula articulates with the fibular notch of the lower end of the tibia to form a 
fibrous joint, the inferior tibiofibular syndesmosis. In the intermediate position the 
two bones are united together by an interosseous membrane to form a fibrous type of joint. 

Superior tibio-fibular joint. This is a plane type of synovial joint formed 
between the flat facet on the head of the fibula and the similar facet on the postero- 
inferior part of the lateral condyle of the tibia. The ligaments of the joint are cap- 
sular, anterior and posterior. 

Capsular ligament. It is attached to the margins of the articulating surfaces 
of the two bones and is lined internally by the synovial membrane. There may 
occasionally be an opening in the capsular ligament and the joint cavity may be 
in communication with the popliteal recess of the knee joint. The tendon of the 
popliteus is intimately related to the postero-superior part of the joint. 

Anterior ligament. It consists of two or three small fibrous bands which 
run upwards and medially from the anterior part of the head of the fibula and are 
? attached to the adjoining part of the lateral condyle of the tibia. 
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Posterior ligament. It consists of a thick band on the posterior part of the 

joint and ascends upwards and i 
medially from the back of the ! 
head of the fibula to be attach- : 
ed to the adjoining part of the I 
tibia. 

Movement. The move- 
ment of the superior tibio- 
fibular joint is associated with . 
the movement of the talocrural 
(ankle) joint. "Hie smaller 
degree of widening of the 
tibio-fibular mortise during 
dorsi-flexion and its springing 
back to normality during plan- 
tar-flexion of the talocrural 
joint is associated with scmie 
gliding movement in the superior 
tibio-fibular joint. 

Artery supply. It » 
supplied by branches from the 
arterial anastomosis around the 
knee joints. 

Nerve supply. It is sup- 
plied by small branches from 
the lateral popliteal nerve and by 
twigs from the nerve to the 
poplitcus from the rnediel 
popliteal nerve. 

Inferior tibio-fibular 
syndesmosis. It is afibrou* 
joint in which the fibular notch 
at the lower end of the tibia 
articulates with the rough ' 
triangular area on the jncdw 
side of the lower end of the 
fibula by an interosseous liga- 
ment. Inferior!/, the base_ « 
the interosseous ligament jun 
falls short of the margins of lh e 
common articular surface, Uj 
tibio-fibular mortise formed o 
the -tibia and fibula, by abou 
one-fourth inch, Thu srI ", 
interosseous recess is occupy 
by a fold of synovial prc ,ru £i™ 
from the talocrural joint, in 
distal ends of this non-ljg?' 
mentous area of the tibi 
and the fibula may occasion- 
ally be covered by articuu 
cartilage. Superiorly, the inter* 

, .. , . — - osseous ligament is contmuo 

.H 1 * ? rural interosseous membrane. In addition to the interosseous ligam«t 
this joint is strengthened by the anterior (anterior inferior) and posterior (posterior 
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Fig. 468. 


TRANSVERSE TIBIOFIBULAR LIGAMENT 
The tibio-fibular joint* or the ld\ *ide 
Seen from behind. 
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►inferior) tibio-fibular ligaments and by the transverse (inferior transverse) tibio- 
-fibular ligament. 

, Anterior tlblo-fibnlar ligament. This is a flattened band of fibres which 
jnms downwards and laterally from the anterior margin of the fibular notch of the 
" tibia to the anterior margin of the rough triangular area on the medial aspect of 
the lower end of the fibula. 

Posterior tiblo-fibular ligament. It also runs downwards and laterally 
..from the posterior margin of the fibular notch of the tibia to the posterior border 
; or the rough triangular area on the medial side of the lower end of the fibula. 

' ! Inferior transverse ligament (Inferior transverse tibio-fibular ligament). 
•It forms a thick transverse band wliich is attached to the whole length of the posterior 
edge of the inferior articular surface of the lower end of the tibia and to the upper 
r part of the malleolar fossa of the fibula. This ligament forms a part of the tibio- 
: fibular mortise and articulates with the posterior half of the lateral border of the 
v trochlear surface of the talus, 

f _ Movement. Very limited spring-movement is permitted in this joint and this 
is associated with the dorst-flexion and plantar-flexion of the talocrural joint. 

Artery supply. It is supplied by branches from the anterior and posterior 
tibial and from the peroneal arteries. 

» Nerve supply. It is supplied by twigs from the anterior and posterior tibial 
nerves and from the nerve to the popliteus. 

‘ Crural Interosseous membrane. It is a strong fibrous membrane that 
. stretches between the interosseous borders of the tibia and the fibula. Its fibres 
■* run downwards and laterally from the tibia to the fibula. Superiorly it just falls 
i short of reaching the superior tibio-fibular joint whereas interiorly it becomes conti- 
nuous with the interosseous ligament of the inferior tibio-fibular syndesmosis. It 
intervenes between the anterior and the posterior compartments of the leg and 
presents two apertures, one at its upper end and the other at its lower part. The 
\ upper opening transmits the anterior tibial artery whereas the lower one transmits 
the perforating branch of the peroneal artery. Some of its fibres at its upper end, 
which form the upper boundary of the upper opening, run downwards and medially 
from the fibula to the tibia. Posteriorly it is related to the tibialis posterior and 
l flexor hallucis longus whereas anteriorly it is related to the anterior tibial artery, 
j the deep peroneal (ant. tibial) nerve and to the extensor muscles of the leg. 

, THE TALOCRURAL (ANKLE) JOINT 

. _ The talocrural (ankle) joint is a diarthrodia! articulation or the ginglyrmts or 

. hinge variety. 

The bony parts entering into the articulation are the lower end of the tibia and 
’» its malleolus, the malleolus of the fibula, and the trochlear, lateral and medial surfaces 
i of the talus. The lower end of the tibia, its malleolus, the malleolus of the fibula and 
i the inferior transverse tibiofibular ligament together form a mortise for the reception 
of the body of the talus. 

( { Ligaments of (he joint 

j (1) Capsular, (2) Anterior and posterior, (3) Deltoid, (4) Lateial. ( a ) Anterior 
. and posterior talofibular, (b) Calcaneofibular, 

* Capsular ligament. It surrounds the joint and 5s attached above to the 

* borders of the articular surfaces of the tibia and to the borders of the articular sur- 
J faces of the medial and lateral malleoli. Below it is attached to the dorsum of the 
4 neck of the talus a little in front of the trochlear surface and elsewhere it is attached 
it close to the margins of the articular surfaces. 
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Anterior ligament. It is abroad membranous layer attached above to the- 
anterior margin of the lower end of the tibia and below to the talus a little in front cf 
its superior articular surface. ' ,| 

Posterior ligament. It is attached above to the posterior margin of thi , 
articular surface of the tibia. Below it is attached to the talus behind its superior ; 
articular surface. 

Deltoid ligament. It is a dense and strong band of fibres, triangular in shape 
with its apex directed upwards and base downwards. It consists of two sets of fibres, • 
superficial and deep. 

The superficial set of fibres is attached above to the margins of the medial ‘ 
malleolus of the tibia and from this attachment the fibres descend downwards and 
pass m three directions. The anterior most fibres descend downwards and forwards 
to be attached to the tubercle of the navicular bone and the medial margin of the 
spring ligament (plantar calcaneonavicular). The middle fibres descend perpendi- 
cularly downw ards and are attached to the whole length of the sustentaculum tali of 
the calcaneum. The posterior fibres pass backwards and laterally to be attached (o 
the medial side of the talus and to its medial tubercle. 



, The deep set of fibres is attached above to the depression at the lower border of I 
the medial malleolus of the tibia and descends downwards to be attached to the 
non-artmilar part of the medial surface of die talus. 1 I 

\ ,, , deltoid ligament is crossed by the tendon of tibialis posterior and fiw° r 
digitorura longus. r 1 
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Anterior talo-Flbular ligament. It is attached above to the anterior margin 
of die lateral malleolus of the fibula and then passes medially and downwards to be 
attached to the front of the lateral articular surface and to the lateral side of the 
neck of the talus. 

Caleaneo-fibnlar ligament. It is cord-like and is attached above to the 
notch on the lower border of the lateral malleolus of the fibula and below to the 
tubercle on the lateral surface of the calcaneum. It is crossed by the tendons of the 
peroncus longus ct brevis muscles. 

Posterior talo-fstmlar ligament. It is attached above to the lower part of 
the malleolar fossa of the fibula and below to the posterior tubercle of the talus. 

Relations of the ankle joint. Anteriorly the ankle joint is in relation with the 
tibialis anterior, extensor hallucis longus, anterior tibial vessels and nerve, the tendons 
of the extensor dtgitorum longus and peroncus tertius from medial to lateral side. 

Posteriorly from medial to lateral side it is in relation with tibialis posterior, 
flexor digitorum longus, posterior tibial vessels and nerve and flexor hallucis longus. 
In the groove on the posterior aspect of the lateral malleolus of the fibula there lies 
the tendons of the peroncus longus and peroncus brevis muscles. 



Fig. 470. The right ankle joint seen from the lateral side- 


Movements of the ankle joint. The chief movements of the joint are dorsi- 
fiexion and plantar-flexion and they occur around a transverse axis that passes across 
the tip of the lateral malleolus, and in its course medially, it lies a little below the tip 
of the medial malleolus. 
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Dani-Jlerion. In this the angle betw een the lower part of the front of the leg ad 
the dorsum of the foot is diminished. Muscles concerned in this movement arerth: 
tibialis anterior (which plays the most important role in this movement), externa 
dtgitorum longus, peroneus longus and the peroneus tertius. 



PiarJar-Jltxjon. In this the angle between the lower part of the leg anc * ^ 
dorsum of the foot is increased, the hetl is raised and the toes are pointed downwards- 
Muscles concerned are the gastrocnemius and the soleus (chief effector), perofif® 
lortgiti and brev is, the plantaris and tibialis posterior, the flexor halluds longus 31X5 
the flexor digiiorum longus. 

Artery supply. Malleolar branches from the anterior tibial and the peter, esl 
arteries supply the ankle joint. 

Nerve supply. Nerves are derived from the anterior and posterior tibW 
nerves. 


TARSAL JOINTS 

'Hie tarsal joints may be subdivided into posterior tarsal, mid-tarsal ar.d 
< > .jl jomts. 
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Posterior tarsae joints. The posterior tarsal joints consist of two articula- 
tions, one between the _ talus and the calcancum and the other between the talus, 
calcancum and the navicular bones. The latter has been described under mid-tarsal 
joint. 

Subtalar (Talo-calcaneal)- joint. The subtalar (talo-calcancal) joint is a 
plane type of articulation and tire bony parts entering into the articulation are the 
concave posterior calcaneal facet on the undersurface of the body of the talus and 
the convex posterior facet for the talus on the superior surface of the calcaneum. 
The ligaments of tire joint arc the following : 

Capsular ligament. It surrounds the articular surfaces of the two bones and 
consists of short slips of fibres which arc lined by a thin fibrous layer. It is enveloped 
by a synovial membrane and the joint cavity does not communicate with any other 
tarsal joints. 

Anterior talo-calcaneal ligament. It connects the antero-inferior part of 
the neck of the talus with the anterior part of the superior surface of the calcaneum. 

Posterior talo-calcaneal ligament. It extends from the posterior tubercle 
of the talus to the posterior part of the superior surface of the calcaneum adjoining 
the posterior facet of the calcancum. 

Medial talo-calcaneal ligament. It connects the medial tubercle of the talus 
with the posterior part of the sustentaculum tali of the calcaneum. This is blended 
with the fibres of the deltoid ligament. 

Lateral talo-calcaneal ligament. It extends from the lateral tubercle of the 
talus to the lateral surface of the calcancum, above and in front of the calcaneofibular 
ligament. 

Interosseous talo-calcaneal ligament. This is the strongest ligament of 
the joint and b attached superiorly to the sulcus tali and inferiorly to the sulcus 
calcanei. It may be divisible into two parts, anterior and posterior. The anterior 
part forms the posterior ligament of the talocalcaneonavicular joint and its posterior 
part forms the anterior ligament of the talocalcaneal joint. These two parts arc 
fused to form a single band but laterally they are separated into two parts by less 
dense fibres. This ligament forms the principal bond of union between the two 
bones and it becomes taut during inversion of the foot and thereby it prevents over- 
inversion of the same. 

Movements of the posterior tarsal joints. The chief movements of t he joint arc the 
inversion and eversion of the foot. In inversion the medial margin of the foot is 
raised whereas in eversion the lateral margin of the foot is raised. These movements 
occur in association with the movements in the mid-tarsal joints and have been 
discussed along with them. 

Mid-tarsal joint. The mid-tarsal joints consist of ralo-calcaneo-navicular 
and calcaneo-cuboid joints. 

Talocalcaneonavicular joint. This is the largest of the tarsal joints and it consists 
of a cup-shaped fossa into which the head of the talus fits. The cup-shaped articular 
fossa is formed by the concave posterior facet of the navicular bone, the anterior 
and middle facets for the talus of the calcaneum and the plantar calcaneonavicular 
(spring ligament) and the calcaneonavicular part of the bifurcated ligaments. The 
ligaments of the joint are the following: 

Plantar calcaneonavicular ligament (spring ligament). It forms a broad, 
thick band which connects the anterior margin of the sustentaculum tali with the 
plantar aspect of the navicular bone. Its medial margin blends with the fibres 
of the deltoid ligament. Its dorsal or superior surface supports the head of the 
talus 'Whereas its plantar or inferior surface is directly in contact with the tendon of 
the tibialis posterior medially and the tendons of the flexor hallucis longus and the 
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flexor digitorum longus laterally. By its position it prevents flattening of the longi- 
tudinal arch of the foot and the tendons of the tibialis posterior, flexor digitoranj 
longus and the flexor hallucis longus effectively support it from Below which pro at 
it from being stretched. 

Bifurcated ligament. It is a Y-shaped ligament the stem of which is attache! 
to the rough anterior part of the calcaneum. Its two limbs form the medial and 
lateral bands of fibres. The lateral band is attached in front to the medial asttti 
of the dorsal surface of the cuboid and is known as the medial calcaneocuboid 
ligament. The medial band is attached in front to the lateral part of the dorsal sur- 
face of the navicular bone and is Jcnoivn as the lateral calcaneonavicular ligament. 

Dorsal talonavicnlar ligament. It connects the dorsal aspect of the ned 
of the talus with the dorsal aspect of the navicular bone. 

Calcaneocuboid joint. This resembles a saddle-shaped joint and the bony parts 
entering into the articulation are the anterior surface of the calcaneum and tac 
posterior surface of the cuboid. The following are the ligaments of the joint: 

Capsular ligament. It surrounds the joint and is supported by the otbs 
ligaments of the joint. It is lined internally by the synovial membrane and the 
joint cavity is distinct from other tarsal joints. 

Bifurcated ligament. It has already been described. 



fig. 472. The opened-up mid-taml joints of the right side. Seen from the front. 

Dorsal calcaneocuboid ligament. It connects the anterior part of the 
^ dorsal surface of the calcaneum with the dorsal surface of the cuboid. 

Long plantar ligament. It is die strongest and the longest ligament of 
he tarsal ligaments and is attached, posteriorly, to the plantar aspect of the calca' 
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leum in front of the lateral and medial tubercles, and anteriorly to the ridge on the 
plantar aspect of the cuboid bone. From its anterior end it gives out processes 
•vhich are attached to the bases of the second, third and the fourth metatarsal bones. 

Short plantar ligament. It is a short and thick oblique band which connects 
•he anterior tubercle of the calcaneum and the groove in front of it with the posterior 
part of the ridge on the plantar aspect of the cuboid bone. It lies under cover of 
;he Jong plantar ligament. 

Relations. Dorsally the mid-tarsal joint is related to the tendons of tibialis 
interior, extensor hallucis longus, extensor digitorum longus, and peroneus tertius, 
and is covered by the fleshy fibres of extensor aigitorum brevis. The arteria dorsalis 
pedis and the anterior tibial nerve cross the joint from behind forwards opposite the 
first intennetatarsal space dorsally. On the plantar aspect the joint is related to the 
tendons of flexor hallucis longus, flexor digitorum longus, flexor digitorum accessorius 
and to the lateral and medial plantar vessels and nerves. Laterally it is related to 
the tendons of peroneus longus and brevis whereas medially the tendons of tibialis 
posterior and flexor digitorum longus are related to it from behind forwards. 

Movement. The chief movements in the mid-tarsal joints arc inversion and 
eversion in which the medial and the lateral margins of the foot are raised respectively. 
The axis around which the movement occurs is an oblique one which passes upwards, 
forwards and medially from the heel to the neck of the talus passing in its course 
through the tarsal canal (sinus tarsi). Both the movements of inversion and eversion 
are rotatory movement around the above axis and are associated with movements 
in other tarsal joints and in the ankle joint. The movement of inversion is associated 
with plantar flexion (extension) of the ankle joint and adduction of foot whereas the 
movement of eversion is associated with dorsiflexion of the ankle and abduction of 
the foot. 

Muscles causing inversion and eversion. Muscles that are attached to the media! 
margin of the foot, that is, tibialis anterior and tibialis posterior are the invertors whereas 
the muscles attached to the lateral margin of the foot, that is, peroneus longus and 
brevis are evertors of the foot. 

Artery supply. The tolo-calcaruonavicular joint is supplied by branches from the 
medial plantar and dorsalis pedis arteries. The calcaneocuboid joint is supplied by 
the tarsal and metatarsal branches from the arteria dorsalis pedis and from the 
plantar arteries. 

Anterior tarsal joints. The anterior tarsal joints consist of cuneonavicular, 
cuneo-cuboid and the intercuneilorm joints. 

Cuneo-navjcucar jotNT. In this articulation the navicular bone articulates 
m front with the three cuneiform bones. The ligaments of the joint are dorsal, 
plantar and medial. 

Dorsal ligament. The dorsal ligaments are three in number and they extend 
from the dorsal aspect of the navicular to the same aspect of the three cuneiform 
bones. 

Plantar ligaments. They have similar arrangement like the dorsal ligaments. 

Medial ligament. It forms a short thick band which connects the tuberosity 
of the navicular bone with the medial aspect of the medial cuneiform bone. 
Superiorly and inferior])- it 13 blended with the dorsal and plantar ligaments 
respectively. 

CuvEoctmoiD and the intercuneiform JOINTS. The articulation of the three 
cuneiform bones and the lateral cuneiform bone with the cuboid are synovial arti- 
culations of plain type and the joint cavities are continuous with one another and 
with the cuneonavicular joint. The ligaments of the joints are the dorsal, plantar 
and interosseous. 
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Dorsal and plantar ligaments. Each consists of three bands, one cornice 
the medial and the intermediate cuneiform bones, the second connects the Intel 
mediate and the lateral cuneiform and the cuboid bones, and the third connec 
the lateral cuneiform and the cuboid bones together on the dorsal and plants 
aspects respectively. 

Interosseous ligaments. They are three in number and connect the adj; 
cent non-articular portions of the cuneiform and the cuboid bones. 

Movements. Movements are restricted in these joints and only slight giidln 
movements take place in them. 

TARSO-METATARSAL JOINTS | 

The tarso-metatarsal joints consist of articulations between the_ cuneiform i 
bones and the cuboid posteriorly and the five metatarsal bones anteriorly. The ] 
line of articulation between the tarsus and the metatarsus forms an oblique line 
which slopes laterahvards and backwards from the medial side and consequently 
the medial end of the line b about three-fourths of an inch anterior to its lateral end 
The medial cuneiform bone articulates with the first metatarsal, the second cunei- 
form with the second metatarsal, the third cuneiform with the thrid metatarsal and 
the cuboid articulates with the fourth and the fifth metatarsal bones. In between 
the tarsal and the metatarsal bones there are three dbtinct joint cavities, one between 
the medial cuneiform and the first metatarsal, one between the intermediate and 
lateral cuneiform bones and the second and the third metatarsal bones and tM 
thud between the cuboid and the fourth and the fifth metatarsal bones. The 
ligaments of the joints are dorsal, plantar and interosseous. 

Dorsal ligament. The dorsal ligament of the first metatarsal and the medial 
cuneiform bone forms a part of the capsular ligament of the same joint. The second 
metatarsal bone b connected with the three cuneiform bones by three bands ot 
dorsal ligament. The dorsal ligament for the third metatarsal bone extends from 
the lateral cuneiform bone. The dorsal ligament for the fourth metatarsal consists 
of two bands, one from the lateral cuneiform and one from the cuboid. The dons' 
ligament for the fifth metatarsal extends from the cuboid bone. 

Plantar ligaments. They are less regular than the dorsal ligaments and 
consist of both oblique and longitudinal bands. One longitudinal band connects 
the medial cuneiform bone with the first metatarsal and forms a part or the capsular 
ligament of the same joint. One oblique band connects the medial cuneiform wtn 
the second and the third metatarsal bones and another oblique band connects the 
fourth and the fifth metatarsal with the cuboid 

Interosseous ligaments. They are three in number, medial, lateral 
intermediate. The medial band b the strongest of all and connects the lateral 
aspect of the medial cuneiform bone with the medial aspect of the second metatarsi 
bone. The lateral band extends from* the third cuneiform bone to the lateral side 
of the base of the third metatarsal bone. 

Movements. Slight degree of flexion and extension are permitted in these 
joints specially in the articulation of the first and the fourth and the fifth metatarsal 
The second metatarsal b almost immovable. 

Inters(etatarsal joints. The base of the first metatarsal b not connected 
with the second but all the remaining four metatarsals are connected to one another 
by dorsal, plantar and interosseous ligaments. 

METATARSOPHALANGEAL JOINTS 

\ , The metatarsophalangeal joints are condyloid type of joints and the rounded 
heads of the metatarsab articulate with the cup-shaped bases of the proximal ph 2 ’ 
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^,-JThc foot in locomotion. While standing erect the whole weight of the body b 
equally distributed to both the lower limbs and is transmitted to the ground through 
the feet. The foot that makes contact with the ground touches it at the heel pos- 
teriorly, at die balls of the foot anteriorly and along the lateral border. It has ben 
observed that about half the weight is transmitted bv the heel and h alfbv th e fotr- 
p arrot the loot. I n ihlTforc-p-m of the foot the weight is distributed^arnw Bv 
die ' ha I/s of the toes m the proportion of 2:1 :1 :1 :i from m edia l to the Mteraf^a -V, 
T hus it appears that about jt of the weight transmitted to the lore-part" of the jb ota 
borne by the Bafr~ofThC gl T3t~ toe. 

While in locomotion, as in walking, the weight of the body is borne alternately 
by the two lower limbs. While one limb is on the ground the other limb is off 
the ground and swings forwards with dorsi-flexion at the ankle and flexion at lie 
knee and hip; associated with this there is forward propulsion of the body aid 
the foot is now ready to receive the weight of the body in advanced position. 

The foot, which is to receive the weight, is dorsi-flexed at the ankle and receives 
the weight by the heel or by the hinder end of the arch of the foot and then transfer! 
it to the fore-part of the foot or the arch by plantar-flexion at the ankle joint; the 
gastrocnemius and the soleus together with the long flexors of foot contract vigor- 
ously, there is further plantar-flexion at the ankle and the heel is raised from the 
ground and the weight is transferred to llie fore-part of the foot through lever-action. 
Concurrently with the above the limb is extended both at the knee as well as m the 
hip joint and then the whole process is repeated. 

Associated with the above changes, while the foot is on the ground, there h some 
flattening of the longitudinal arches of the foot which recoil back to their original 
position while the foot is off the ground. With dorsi- and plantar-flexion of the an- 
kle joint there is eversion and inversion at the mid-tarsal joint respectively. 





THE MUSCULAR SYSTEM OR THE MYOLOGY 

THE MUSCLE 

General Consideration. The muscle or the flesh is an integral part of the body 
mechanics in which it is mainly concerned in causing movements, locomotion and 
production of body heat. It consists of several muscle fibres which are variously 
trranged and are grouped into several bundles, and are held together by 
areolar type of connective tissue so as to form an individual muscle. By the term 
‘muscle’ we understand “Mouse-like” (L. .Mar-Mouse) and the term is so applied 
iccause some muscles resemble a mouse in gross appearance, and the tail of the 
mouse presumably corresponds with the tendon of the muscle. 

Classification of Muscles. Muscles can be classified variously but I think 
that the following classification would meet the needs of most of the students. 


SARCOIEMMA 



*%• 473 & 474. Structure of striated muscle. 


(1) According to strnctnre. 

(a) Striated. These muscles consist of fibres which are “cross striated", 
that is, they are both longitudinally and transversely striated. The 
transverse striations are well marked and consist of alternate dark 
and ’tight bands (see muscular tissue';, r unctionauy Vnty are voluntary 
muscles, that is, their actions can be controlled by will. 

(£) Non-striated. These muscles consist of fib res which do not present alte r- 
nate dark and light striatio ns. Functionally ihcyajxjns^untaiy-mtra- 
cles, that is. their actions are not controlled by w ifi. 

Exceptions, (i) The diaphragm muscle is structurally a striated muscle, and 
as such, its actions should have b een vdluntafw ~but t " though its 
actions may be temporarily controlle d, as by Ho lding the breath, 
it usually wor ks involun tarily. 

(ii) The muscle fibres of the pharynx and the upper part of the 
oesophagus are striate d but they are involuntary in action, that is, 
their actions ar e not con trolled by w ill —————— 

(Hi) The ciliary muscle oltFe eye is structurally a non- 
striated muscle, but, although it acts involuntarily to a great 
extent, its action can voluntarily be controlled to some extent 
during forced accommodation. 

(c) Cardiac tnusch. Structurally the cardiac muscle is a special variety of 
muscular tissue which is intermediate between striated and non-strialed 
muscle (see muscular tissue, cardiac muscle). It is an automatic organ 
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fig. 475. Involuntary muscle fibre. Fig. 476. Structure of cardiac muscle. 


(2) According to whether their actions are ander the control of ivili 
or not. 



(a) Voluntary. AH voluntary muscles arc striated 
muscles and their actions are under the control 
of will or volitional power. 

(b) Involuntary. All involuntary muscles are_non; 
striated structurally and their actions are nn' 
under the control of will (see' Exceptions— 
already referred to). 


(3) According to development. 

(a) Somatic. All somatic muscles develop in rela- 
tion to the body wall developmentalty and art 
derived from the s omatopleuric mesoo enih 
They are striated muscles and arc mainly con- 
ccrncd to adapt the human body to its exter- 
nal environment and form the chief sources 
heat and energy. , 

(ft) Visceral. They develop in relation to tn« 
different viscera and are derived from u> 
_$planchnopleu ric mesoderm . They are n° * 
striated 'or -plain muscles' and arc mam y 
distributed in the walls of the hollow vise®* 
namely stomach, intestines, gall blaoo i 
urinary bladder, blood vessels, etc. 


VOLUNTARY OR SOMATIC MUSCLE 
Parts of a voluntary muscle. Usually * 


voluntary muscle consists of a fleshy and a fibrous p 
with the exception of a few which are all throug 

fleshy. A voluntary muscle usually stretches betu* 

two points across a inint rmH it? attachment proxun 


two points across a joint and its attachment P r0 *"“ 
to the joint in which its actions mainly eopcentra * 


is known as its origin while its attachment distal to * 
» * . . J* oint ** known as its insertion. The fibres of oris** 

may be fleshy or tendinous (fibrous) which are called the fishy belly or itedW 
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TLESITY PARTS 
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blood supply. 


(2) Yield to pressure easily and are less strong. (2) Junensd^ 


Tto arc Ml specialised, induSc, rcUMV 
avascular and because of 

SiSJToffisSA cod vessels. 
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(6) According to attachments . Stylo-hyoideus/ ilio-costo-cervicalis, cricothyroi- 
dcus etc. / 

(7J According to direction of fibres. Rectus abdominis, obliquus cxtemus ab- 
dominis, etc. 

(8) According to contrasting features. Pectoralis major and pectoralis minor, 
teres major and minor, gluteus maximus and minimus etc. 

(9) According to functions (i) Flexors. Muscles concerned in causing flexion 
or bending of a particular joint arc known as flexors. 

(ii) Extensors. Muscles that cause the opposite movement of the flexors are 
known as extensors. 

(iii) Adductors. Muscles which by their action carry a particular limb towards 
the median plane are known as adductors. 

(iv) Abductors. Muscles which by their action carry a particular limb away 
from the median plane are known as abductors. 

* (v) Pronators. These muscles are found only in the forearm and they, by 
their action, cause the forearm and the palm of the hand to be carried 
backwards as in giving something to somebody. 

(vi) Supinators. These muscles cause opposite movement of the pronators, 
as in taking something in the palm of the hand. 

Besides the above classification which includes majority of the muscles, there 
are some other muscles which have special function to do in particular parts of the 
body and are named according to their functions, as for example compressors, dilators, 
depressors, elevators, invertors, evertors, constrictors etc. 

PHYSICAL PATTERNS OF MUSCLES. 

(a) Strap or fusiform muscles. It has already been stated that a muscle 
is composed of a group of muscular fasciculi which may be disposed 
either longitudinally along the long axis of a muscle or they may be 
disposed obliquely or transversely; depending on the nature of 
distribution of the muscular fasciculi within a muscle, some types of 
muscular pattern arc formed which have distinctive functional signi- 
ficance. Thus when the fasciculi are disposed longitudinally between 
two points of attachments, the muscle is called a strap or a fusiform 
muscle. 

(b) Pennate muscle. When the fasciculi are arranged obliquely in 

relation to the long axis of a muscle, that is, when they are attached 
obliquely to the tendon of insertion like the “berb of a feather" the 
resulting muscle is a pennate muscle. The pennate muscles are further 
subdivided as follows: — _ . 

(i) C/nipennate . If the oblique fasciculi are attached toonly one side of (he 
lenitm oi Vrrsei'mm Vt Vs uaYittV tm wapemtfii Traoilt^xiaVinai Vrfturossta'; . 

^j^ii) Bipennale. When the oblique fasciculi are attached to both the sides of 
the tendon it is called a bipen nale muscle (t ibialis posterior). 

(iii) Multipennate. When there are a series of t endinous bands within a muscle 
and the muscular fasciculi are arranged like the bipennate muscle it is 
called a mullipennal ejnusclt (Deltoid). 

(iv) CircumpennateX Whentfie fibres of a muscle converge on a tendon from 
all the sides, the latter (tendon) being hurried a nd extended with in 
its substance, the muscle is said to be a circumpennate one, as for 
examplepthe tjbialis anterior musc le. 

Importance of fascicular groupings anil muscle force. By fascicular 
groupings the actions of the muscles are concentrated to the tendon of insertion 
(by which precision in movement Is amply secured) and by this arrangement bolh 
the range of movement and the force of contraction are guided properly. 

> In a fusiform type of muscle the muscular fasciculi are much longer in compa- 
rison to the oblique fasciculi of the pennate muscles. It is known that the length 
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of the muscular fasciculi of a muscle and its range of movement are closely Inter- 
related. It has been shown by experiments that the muscle fibres, when fully stretched 
m relaxation, can contract upto a little over fifty per cent of their own length. Thus 
a muscle, whose fasciculi are four inches long, can contract more than two inches 
causing the same length of displacement of the structure to wbich'it is attached. 
Therefore Jh/ Tange of moveme nt of a muscle is p roportional to the length of its fibres of which 
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it is com posed. Thus it is expected that a joint, which has to undergo a wide excursion 
to complete its movement, is controlled by muscles with long fasciculi. FutI flexion 
of the elbow joint f rom th e position of extension inv olves a considerable ran ge of 
movement and therefore ~tlig~ij TUST: lL!> mni e raed rin this mo vement, tKa T T sTthc 
biceps and the brachialis^jwe provided with long fasciculi which are disposed 
longitudinally. ' ' " 

!> Similarlyj taken for granted that all muscle fibres are of equal thickness, the 
force of contractio n of a muscle ( m uscle force ) is propo rtional to the number of fibres it contains , 
the more the number the more ixihe fr"' nfannirttriian. We know that the peiinalc hiusc/eS 
are composed oi num erous sho rt^nbliqne fasciqqli and therefore it is expected tha t 
their range of movement would be minimum, but the number of fibres being nume- 
rous, *iherrfprce of contractio n would be much great er. By the organisation of 
short, oblique fascicult~iT r~The J penrulorm_ mu scles, they have been provid ed with 
more fibres /because in a compac t . space-nto re~fi6retcanlbC-hQas£d j f they are arra n- ’ 
ged in short, oblique fasciculi thanthe longitudinal ones. These muscles are situated 
in those places where by short range of movement considerable force has to be exer- 
cised, as for example, the tibialis posterior (a bipennate muscle), which has to raise 
the whole weight of the body in plantar-flexion of the ankle joint during walking, 
exerts a great force in a short range of movement. 

Active and Passive insufficiency of muscles. When a muscle contracts 
it can shorten up to a certain limit beyond which any attempt to cause further short- 
ening is associated with pain. Similarly, a muscle can be stretched or elongated 
passively upto a certain limit beyond which further stretching is impossible due to 
tension of the inextcnsible collagenous fibres within the muscle. In a joint-move- 
ment when a muscle or a group of muscles readies its stage of limitation either in 
contraction or in lengthening, further movement in the joint is restricted which 
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might otherwise occur, and such muscles under the above condition arc said to be 
insufficient. As mentioned above insufficiency may be either active or passive. 

Active insufficiency. During active contraction in a particular joint-move- 
ment a muscle may be insufficient to effect full range of movement andis said to be 
actively insufficient. For example, when the thigh is extended at the hip the hams- 
tring muscles by their contraction fail to produce full flexion of the knee joint. 

Passive insufficiency. During a particular joint-movement passive stretch- 
ing of a muscle or a group of muscles may occur up to a certain limit beyond which 
it fails to lengthen Further thereby causing restriction of the joint-movement. For 
example, when the thigh is flexed at tlic hip, extension of the knee beyond a certain 
limit becomes impossible due to tension of the hamstrings. 

The limits of passive insufficiency may vary in health and disease. It is much 
modified in case of the acrobats whereas in some diseases of the central nervous 
system it is more restricted. 

HYPERSUFFicrENT. Even after the extreme position of a joint in a particular 
movement has been reached, if the muscle causing the same movement has the power 
to contract still further the muscle is said to be hjpenuffeient. As for example, 
the triceps is a hypersuflicient muscle. Its range of contraction is more than 
what is necessary to cause full extension of the elbow and it is prevented from reach- 
ing its maximum limit of contraction by the bony locking between the olecranon 
process of the ulna and the olecranon fossa of the humerus. This is a measure in 
which the triceps is allowed to make the elbow joint effectively rigid, so that, the arm 
and the forearm can work as a single unit whenever necessary. 

Functional Grouping. According to distribution of work in a particular 
movement in a particular joint, muscles are grouped functionally as follows : — 

Prime movers. In a particular movement it has been observed that some 
muscles are principally involved and act directly o n their point nfJnsrrimn an ti are 
obviously i n the process 

either directly or indirectly. The muscles, which act directly on their point of in- 
sertion and are mainly responsible for a particular movement, are called Prime 
movers. ‘ 

» Synergists. When the combined action of a group or muscles produces a 
pamcfilar movement, which may be different fr om that produced by any memb er of 
the group acting indivi dually, th c_mu?cles procfucing the particular movement "arc 
called synergists. As for^ example, the flexor carpi ulnaris and flexor carpi radialis 
by their combined action produce the flexion of the wrist joint but acting indi- 
vidually the former is an adductor and the latter is an abductor of the wrist joint. 

Some anatomists believe that the synergists help the prime movers by preventing 
the unwanted movements inherent in the attachment of the prime movers and help 
by fixing the jourt other than the one on which the prime movers work. This allows 
the term “synergists” to have flexible meaning and there is scope for confusion 
about the terms “antagonists” and “fixators”. The muscles which arc mainly con- 
cerned in stabilising or fixing the bones involved in a particular joint-movement 
should better' be called “fixators". 

^ An tagonist. The muscles which act reversely to that of the prime movers are 
callctTantagonists^ Whereas the prime movers actively contract to effect a move- 
ment the antagonists show either active relaxation or contract to produce traction in a 
reverse direction (reverse to that of the prime movers) so that thcparticulartnovcmcnt 
becomes smooth and orderly. As for example, flexion or bending of the elbow is 
caused by contraction of the brachialis and the biceps brachii (prime movers), and 
during flexion, the triceps brachii acts antagonistically by showfngactive relaxation. 
Similarly, in the abduction of die shoulder (carrying the arm away from the trunk) 
the deltoid and the supraspinatus are prime movers which act in close associa- 
tion with each other. The subscapularis, infraspinatus and the teres minor 
are antagonists and act reversely to that of deltoid. In the initial stage of the move- 
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ment the deltoid tends to displace the head of the humerus upwards and the antago- 
nists such as the subscapularis, teres minor and tire infraspinatus by acting reversely 
tend to pull down the head of the humerus preventing its displacement upwards and 
thus the movement of abduction oftheshouiaer becomes smooth and orderly. 

It is a curious phenomenon to note, that in a particular movement, some mus- 
cles actively contract while others actively relax at the same time, so as to give effect 
to a particular movement. This can be explained by the fact that in the drain it 
is the particular movement which is represented and not the action of a particular muscle and 
the brain executes the performance of any particular movement through the system 
of reciprocal innervation of muscles. In reciprocal innervation, motor impulses from the 
brain which cause contraction of one group of muscles in a particular movement, 
exerts reverse type of action to the antagonistic members in the same movements. 
As for example, in flexion of the elbow, the area of the brain governing this parti- 
cular movement exerts dual influences, in one hand causing the flexors of the elbow 
to contract actively and on the other hand causing the extensors of the elbow 
to relax actively, thereby, the movement of flexion becomes smooth and orderly. 

v/ 

Tlow a muscle acts. The prime action of the mus cles is to contract bv vir tue 
of which they impart lever-action to the bones and thereby t hey create mo vement by 
contraction through the medium of joints. BSldSTthe power of contracti on, muscles 
can also-act by showing acl imJeldZhlio/t, as for example, in flexi on of the elbow joint 
the triceps brachii shows active relaxation so as to make the movement smooth and 
orderly. 

Besides showing active contraction and relaxation, a muscle can also act by 
simply increasing the tone of its m usclcfibres without any contraction or shortening . 
The condition tn which the muscle Tibres act by simply increasing their tone without 
showing any apparent shortening is known as the i sometric contraction of muscl e. While 
maintaining erect posture the quadriceps femoris TtceprtKrknecwtehded by iso- 
metric contraction, that is, the tone of its muscle fibres is increased, the length of the 
fibres remaining constant. The reverse type of action is the isotonic contraction in 
wliich the tone of the muscle fibres remains constant but the length of the fibres is 
shortened as is seen in case of usual contraction of any muscle. 

In resting condition, the muscles neither contract nor they show active relaxa- 
tion but they remain in a stale of sustained minima/ contraction or tension and this 
action of the muscles is known as tonicity of muscle or muscle tone . The muscle tone is 
dependent on the integrity of the reflex arc and may be lost if the nerve supplying 
the muscle is damaged. Moreover, in some diseases of the central nervous system 
the muscle tone may be either exaggerated or abolished. 

During average work not all the muscle fibres are thrown into action, but when 
they are to work against stiff resistance, all of them are thrown into action. More- 
over, when a muscle is to work continuously, in order to avoid fatigue, muscle fibres 
work in shifts. When all the muscle fibres are made to work, as against resistance, 
it is called the reinforcement of muscular action. 

A muscle is said to be active when its muscle fibres shorten due to contraction 
but it may be active as well while actually lengthening. As for example, in extension 
of the elbow under resistance, the biceps brachii, which is a flexor of the elbow work 
efficiently to lengthen gradually “to pay out” the extensor of the elbow, that is, the 
triceps brachii to make the movement smooth and orderly. This type of active 
lengthening of a muscle is called excentric action in contrast to concentric action in which 
the muscle fibres actually shorten as in usual contraction of a muscle. 

Co-ordination of muscular movements. Group action of muscles. 
When a particular muscle works alone in its individual capacity it is seen to 
produce a movement which is different from what is seen when it works in a group 
with some other muscles. As for example, when the flexor and extensor carpi ul- 
naris work together they cause adduction of the wrist, when anv of them works 
alone it produces an oblique movement different Grom that of adduction; further 
when the flexor carpi ulnaris ivories together with palmaris longus and flexor carpi 
radialis it is seen to produce flexion of the wrist joint. This joint-effort movement 
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which b different from that produced by their^ individual effort is known as group 
action of muscles. In a joint, to produce a particular movement, many a muscle 
combine together to produce that particular movement, although, their indiviuual 
action may differ from that produced by their combined effort. Tlius the co- 
ordinated actions of prime movers, synergists and antagonists in producing a 
particular movement are group actions. 

In the low er limb, muscles arc more accustomed to work together than those in 
the upper limb, where, for reasons of precision and delicacy in the performance of 
some movements, muscles acquire wide range of individualism. In other words, 
an individual muscle in the upper limb has got* more to do in a particular move- 
ment and it is less dependent on its helping members whereas in the lower limb an 
individual muscle can produce very little effect without the assistance from its help- 
ing members, that is, group action of muscles is a dominant feature in the lower 
limb. Advantage of this anatomical fact is duly taken in transplantation of muscle 
in case of paralysis of any member of the same in the upper limb where due to acqui- 
red individualism an extensor muscle can be transplanted in the place of a paralysed 
flexor and can be trained to lake up the functions of the latter and vice versa. For 
the above reasons transplantation of muscle in the lower limb often fails to bring 
back the functional integrity because the muscles of the lower limb are accustomed 
to work in groups and they acquire] fftle or no individualism. 

Associated action of mispua. In some particular movements, in addition to the 
muscles concerned in causihg the same movement, some remote group of muscles 
which are not at all concerned in that particular movement, are also called into 
actions in association with the former group of muscles and such co-ordination of action 
of muscles is known as associatei^action of muscles. As for example, w hen the head is 
turned to one side both the c/e balls alio move to the same direction. 

Postural action of/iu$cles. In order to maintain normal posture of the body 
some muscles are constantly at work against gra\ity (antigravity action) which tends 
to break down the posture assumed by the individual. As for example, when we 
stand erect, gravity acting on the forepart of the trunk, tends to make it kyphotic 
but the extensors of the back by having gained in increased tone act against the gra- 
vity (antigravity muscles) and maintain the erect posture, such action ofmusclcsin 
maintaining the posture of the body is called the postural action of muscles. 


Other aspects of muscular action. Dual action of muscle. Some mus- 
cles are found to have dual roles in their functional capacity, that is, some muscle 
may function as a voluntary as well as an involuntary muscle. As for example, when 
the lattisimus dorsi, which is a voluntary muscle, is paralysed it ceases to function 
voluntarily but it still functions involuntarily in. conjunction with its healthy coun- 
terpart uw the opposite side during tttttxiug, wjgVving, etc. Such dual roles played 
by a muscle are known as dual action of tmftlce 

Ligamentous action of muscles. Ligaments are tough, rigid, and inelastic 
structures which restrain undue mobility of ajojnL Some of the muscles (antagonists) 
acquire ligamentous function by preventing undue" mobility ina joint during vary- 
ing joint-positions. Moreover, by this actiorvthey spate the indasticlig aments from 
being overstretched and thus having acccssoryjigarnmtow^action. 


Paradoxical action of muscles.* Gravity aids some movements as in sitting 
from standing position. In this condition the hamstrings which are flexors of the 
knee, are to work very little, if at all. Here the gravity of the weight of the trunk 
is the cause ; flexion of the knee and the hip is the effect, and the quadriceps femoris 
and the extensors of the hip are the effectors, that is, while in contraction during the 
said movement they show controlled gradual relaxation, "paying out the rope”, 
so as to effect the movement. Here the quadriceps femoris, which is an extensor 
of the knee, is acting as th e: flexor. This reversal of action of the quadriceps while 
it is to work against gravity is known as its action of paradox. 
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Development of striated muscles. The somatic or the striated muscles 
develop from two sources. Those of the head and neck are derived from the 
mesoderm of the pharyngeal arches while most of the other (somatic) muscles 
are derived from the myotome*. 

Muscles of the head and neck. The muscles of the head and neck are derived 
from the mesoderm of the pharyngeal arches. For the group of muscles that arise 
from the individual arch see pharyngeal arches. 

Muscles of the trunk and crams. Although opinion differs as to the sources 
f of the muscles of the limbs it may be deduced from the nature of the segmental 
ir innervation of the muscles that these muscles arise from the myotomes which receive 
segmental innervation. 

The paraxial mesoderm during early part of development is segmented into 
different rectangular blocks and form about 35 to 40 such blocks at the end of 
the fifth week. Each block receives its segmental nerve and is separated from its 
fellow by an intervening connective tissue known as the myoseptum . Soon after each 
block can be divisible into three portions, the medial, the lateral and the interme- 
diate portions. The medial portion gives rise to the formation of the vertebral col- 
umn and is known as the sclerotome ; the lateral portion gives rise to the formation of 
the skin and its appendages and is known as the dermatome; the intermediate portion 
is the myotome. The myotomes with their respective segmental nerves move away 
from their original positions either as a whole or in part or several of them may be 
fused together and give rise to the formation of different muscles by transformation 
of the cells of the myotome into muscular tissue. As the myotomes carry their in- 
dividual segmental nerves, the muscles formed by the fusion of several myotomes are 
p supplied by more than one nerve and such muscles which are supplied by more than 
one nerve are called compound or hybrid muscles because they are formed by combina- 
tion of more than one myotome. 

Transformation of myotome jnto muscular tissue. Myotomes which are 
formed by mesodermal condensation consist of fusiform cells which are _ called 
myoblasts and contain a single nucleus. The nucleus soon divides by a mitotic divi- 
sion and the myoblasts become elongated and multi-nucleated. Later on granules 
appear in the cytoplasm and the cells become transversely striated along theirperip- 
heral parts. The granules arrange themselves in rows which run together and form 
the myofribillae. The nuclei of the cells at this stage occupy a central position 
whereas the myofibrillae are disposed peripherally. Subsequently the myofibriliae 
multiply rapidly by longitudinal divisions and spread out centrally and as a result, 
the nuclei which were centrally placed, are displaced peripherally so as to occupy 
the subsarcolemmal position, a position which they normally occupy in a fully 
grown muscle fibre. 

, The development of tendon of a muscle has been described on pages 477 & 478. 

i - Vascular supply of striated muscle. The striated muscles get their 
nourishment from muscular branches of the adjacent artery. These muscular 
branches accompany the motor nerve of the muscle and break out into capillary 
bed which run along the muscle fibres. Some of the blood vessels enter the muscle 
independent of the motor nerve and these are called accessory bloodvessels. Veins 
which drain the muscle usually accompany the artery and are accompanied by the 
i lymphatics. 

Nerve supply of the striated muscle. The nerve supplying a muscle is 
popularly known as the motor nerve but in reality it is a mixed nerve and contains 
about 3/5 motor and 2/5 sensory filaments and in addition, it also contains some sym- 
pathetic filaments. The motor and sensory filaments are respectively called efferent 
and afferent fibres. 

The efferent or true motor fibres arc medullated which end in the motor end-plates 
* of the muscles. The motor end-plate is a specialised area of granular cytoplasm 
within the muscle fibre where the motor nerve filaments end by dividing into finger* 
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like branches with some undifferentiated tissue in between. -Just before entering 
into the muscle fibre the nerve filament loses its myelin sheath whereas its neurile- 
mma sheath becomes continu- 
ous with the sarcolemma of the 
muscle fibre. The sarcoplasm 
in the end-place area is more 
granular and shows concentra- 
tion of the nuclei of the muscle 
fibre. Functionally the motor 
fibres are responsible for 
tonicity and contractility of the 
muscle. 

The sensory or afferent nines 
fibres arc also medulla ted fibres 
which originate within the muscle and are found in three forms. Some begin as 
free ends witlun the muscle fibre, some as encapsulated ends in the connective tissue 
in between the muscle fibres and some as muscle spindles (see nervous tissue). 
Functionally the sensory or afferent nerve of a muscle is responsible for carrying 
different sensations from the muscles and the muscle sense. They are also 
necessary for maintaining tone of the muscles. 

Sympathetic nerves. These are non-medullated or finely medullatcd fibres 
derived from the sympathetic component of the autonomic nervous systemiand arc 
distributed to the plain muscles of the blood vessels of the muscle (Vaso - inotor 
fibres) . They are also distributed to the muscle fibres and are believed to be concerned 
in the trophic function of the muscle. 

Motor unit of a muscle. A motor neurone which consists of a nerve cell with 
its processes, controls about 100 muscle fibres and this single neurone together with 
the muscle fibres it controls (100) is known as the motor unit of a muscle. During 
resting period only a few motor units come into play but while the muscle is in active 
contraction majority of the motor units are thrown into action. 

Motor point of a muscle. The nerve supplying a muscle enters into it at or 
about its centre and the point of its entrance is known as the motor point of a muscle. 
The motor point of a muscle is more or less constant and in experimental physiology, 
in order to estimate the electrical responses, the electrode is fixed on the skin over- 
lying the motor point of the muscle. The entrance of the nerve through the motor 
point has some positional advantage due to which it is spared from any disturbance 
during muscular action. 

Repair and regeneration of muscles. When muscles are grossly damaged 
the muscle fibres lose their regenerative power and repair takes place by proliferation 
of the fibrolastic tissues. When individual muscle fibre is damaged or the damage 
is localised to a very small area regeneration of muscle fibres with full return of func- 
tions may take pi ice. From the remnants of the damaged muscle fibres protoplas- 
mic buds come out and soon these undifferentiated buds acquire cross striations and 
subsequently develop into muscle fibres. It is believed that after partial damage 
the muscle fibre differentiates into myoblast and subsequently into a muscle fibre. 

Red and white muscles. Astriatcd muscle consists of “red” and “white” fibres 
and they arc called red and_ white muscle respectively. The colour of red fibres 
is due to the presence of a pigment called myo-baemoglobin which is concerned in 
transferring oxygen from the blood to the contractile elements of the muscle fibres. 
The red fibres contain more fat in their sarcoplasm than the white fibres. The red 
fibres contract slowly and their contractions remain more sustained and therefore 
they are suitable for maintaining posture. Tire white fibres contract quickly and 
their contractions remain less sustained. 

The Tendon and its Sheath. Tendons are cord-like structures which form 
the fibrous link between the muscle and the bone or the other structure to which the 
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of the fleshy belly and the other from the blood vessels of the periosteum to which it 
is attached. Minute blood vessels from both the sources pass through the space 
between the collagen bundles and anastomose with one another within the tendon 
and provide nutrition for it. In cases where the tendon is too Jong, as in cases of 
the digital tendons of the hand, in addition to the above mode of nutrition the tendon 
gets its nutrition from the blood vessels reaching the tendon through themesotendon 
as well as from the synovial fluid contained in the synovial sheath of the tendon. 

Nerve supply of tendons. Tendons are supplied only by senso ry nertes . Sensory 
nerves reaching the tendon show special features in their moc[e of termination 
which are specially designed to carry two types of sensations namely proprioceptive 
sensation and painful sensation. 

The nerves carrying proprioceptive sensations end in terminations which arc 
adapted to from two types of md-organs namely Golgi tendon ~oT^sns-&n6~Ptn:inian 
corpuscles (for details see nervous tissue). The Golgi tendon organ is contained 



Fig. 484. A— Tactile or Meranere'a corpuscle; B — Pacinian corpuscle; C— End-bulb of Krause; 
D — Organ ofRuffini; E — Organ of Golgi- Mazzoni; F— Free nerve term in all ; G — Muidc Spindle; 
H— Golgi bodies (Organ of Golgi); I— End plates. 
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dthin the tendon close to the musculo-iendinous junction whereas the Pacinian 
orpuscles arc found in walls of the tendon sheath. * 

The nerves carrying painful sensations form very fine ramification within the 
:ndon and its sheath. 

Functions of tendons. The fleshy belly of a muscle is too bulky in comparison 
o its tendon and it is a device for the muscle by which the muscular action is con- 
entrated to its tendon which again concentrates its pull to the structure to which 
t/w attached. It adds leverage to the muscle and allows the muscle to work from a 
listancc, The fleshy belly of a muscle cannot endure pressure and friction, there- 
are in those places where thc'muscle is liable to be subjected to pressure and friction 
he tendon replaces the fleshy belly. The tendon reduces the bulk of the muscle 
onsiderably, a measure for the nature’s economy, because the muscles are too expen- 
ivc mctabolically in their upkeep. It reduces the surface area for muscular attach- 
nent and (hereby enables the muscle to exert its maximum effect to a minimum area 
ind thus precision of effects is much improved. 

THE FASCIAE AND THE MUSCLES OF THE HEAD AND NECK 
THE REGION OT THE FACE 

Tjie Muscles or Facial Expression 

The muscles of facial expression form a group of muscles, most of which are 
lircctly connected with the skin in the region of the face and scalp and are concerned 
n producing different types of facial expression. As these muscles are gaining attach- 
ment to the skin there is no deep fascia barrier in this region. 

It may be observed that most of these muscles are connected to one another 
io as to leave the semblance or a single muscle-mass with different tails of attach- 
ment. The facial muscles are supplied by the facial nerve (7th cranial) and have 
jeen discussed under the following sub-heads. 

(u) Superficial Muscles of the Mouth 
Orbicularis oris. 

Levator labii superioris, 

Zygomaticus minor. 

Zygomaticus major. 

Depressor anguli oris. 

Levator labii superioris alaeque nasi. 

Depressor labii inferioris. 

Risorius. 

Orbicularis or is. It forms the sphincter for the oral aperture and_ the 
structural framework of the lips. It is a complex muscle consisting of three strata 
of muscles fibres, superficial, intermediate and the deep. 

The superficial stratum of fibres is prolonged from the levator anguli oris, de- 
pressor anguli oris, levator labii superioris, depressor labii inferioris and zygomaticus 
major ct minor and they extend as far as the centre of the lip where they end by 
being attached to the skin and are not continuous with the fellow of the opposite side. 
These muscles converge to the angle of the mouth where they decussate to form a 
nodular mass, often called the modiolus. 

The intermediate stratum of fibres is derived from the buccinator muscle 
whose fibres are continuous with the fellow of the opposite side. , 

. The deep stratum of fibres arises from the alveolar margin of the incisive fossae 
of the maxilla and the mandible and are called the incisivus. labii superioris and 
inctsivus labii inferioris respectively; and they blend with the main muscle mass. 

Nerve supply. It is supplied by the facial nerve through its lower buccal and 
mandibular branches. 

Action. It closes and opens the oral aperture and helps in the articulation of 
speech. It also causes change in shape and form of the lips. 
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Levator labli superior^. It arises from the infraorbital margin of (he 
maxilla and from the antero-inferior margin of the zygomatic bone and is inserted 
into the orbicularis oris. 



Fig. 483. The muscles of ihe face and scalp. Seen from the right lateral side. 

Nerve supply. It is supplied by the biit^al branches of the facial nerve. 
Action. Together with the zyomaticus minor it produces the naso-labial fold 
and elevates and everts the upper lip. * 

Zygomaticus minor. It arises from the malar surface of the zygomatic bone 
in front of the zygomaticus major and passing obliquely downwards and forwards 
is inserted into the orbicularis oris. -v. 

Nerve Supply. It is supplied by the buccal branches of the facial nerve. 

Action. Same as levator labii superioris. 
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Zy go mat lens major. It lies behind the zygomatiens minor and extends from 
the zygomatic bone to the orbicularis oris. 

A/rrr supply. It is supplied by the buccal branches of the facial nerve. 

Action. It elevates the angle of the mouth and draws it laterally' as in laughing. 

Depressor anguli oris. It arises from the oblique line of the mandible 
and is triangular in form. Its apex is inserted into the orbicularis oris at the angle 
of the mouth. 

.Wree supply. It is supplied by the mandibular branch of the facial ncr%'c. 

. Ulfon. It depresses the angle of the mouth and draws it laterally. 

Levator labll superioris alaeque nasi. It arises from the frontal process of 
the maxilla in fi out of the anterior lacrimal crest and descending downwards by the 
side of the nose it divides into medial and lateral slips; the medial slip is inserted 
Into the lateral cartilage of the nose and the lateral slip to the orbicularis oris. 

Xtrre supply. It is supplied by the buccal brandies of the facial nerve. 

Action. Its medial slip dilates the anterior nasal aperture svhereas its lateral 
slip elevates and everts the upper lip. 

Depressor Iabil inferioris.'’ It lies deep to depressor anguli oris and arises 
from the anterior part of the oblique line of the mandible and is inserted into the 
orbicularis oris nn« into the skin of the lower lip. 

Nene supply. It is supplied by the mandibular branch of the facial nerve. 

Action. 1 1 depresses the lowrr lip and draws it laterally . 

RIsorius. It is a small subcutaneous muscle which takes its origin from the 
parotid fascia and is inserted into the skin at the angle of the mouth. 

XtTH supply. It is supplied by the huecai branches of the facial nerve. 

Action. It draws the angle of the moutlp-backwards as in grinning. 

(6J Dm* Musclm or ntr. Mount v/ 

Levator anguli oris. 

Incisivus labii superioris, 

Incisivus labii inferioris. 

Mentalis. 

Buccinator. 

Levator anguli oris. It lies deep to levator labii superioris and arises from 
the canine fossa-of the maxilla and is inserted into the orbicularis oris opposite the 
angle of the mouth. 

vVrrre supply. It is supplied by the buccal branches of the facial nerve. 

Action, It raises the angle of the mouth and produces the naso-labial fold, 

Incisivus labii superioris. It is a small muscular bundle svhich arises from 
the upper nlvcolar margin.o ppositc-UrcJateralilicisoc-Q r xaningjQ ath and is inserted 
into the back of the orbicularis oris, near the angle of the mouth. 

Nerve supply. It is supplier by the lower buccal and the mandibular branches 
of the facial nerve. 

Action. Same as orbicularis oris. 

Incisivus labii inferioris. It arises from the lower alveolar margin opposite 
the lateral incisor tooth and is inserted to the back of the orbicularis oris in the 
. lower lip. 

Nerve supply. It is supplied by the lower buccal and the mandibula r branches 
of the facia l nerve. ~~~ 

Action. Same as orbicularis _nris. 



Fig. 487. Some superficial relations of the mandible. The facial 
muscles and branches of the facial nerve hate been omitted. 

With Vind permission : From W. H. Hollinshead Ph.D. : Anatomy 
for surgeons, Vol. 1 : Paul B. Hoeber; I.N C. 1954, New York. 


Nerve supply. It b supplied by the mandibular branch of the facia! nerve. 
Action. It causes wrinklings of the skin of the chin and helps in raising the 
lower lip. 

Buccinator. It b roughly quadrilateral in shape and arises from the outer 
surface of the alveolar processes of the maxilla and the mandible opposite the 
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scapula fixed when both muscles work together the head is extended at the 
atianto-occipUal joint. 


Posterior triangle- Die posterior triangle lies behind the sternomaitoid and its apex is directed 
upwards and the base downwards. 

Boundary. AnUrimtj it is bounded by the posterior border of the sternocleidomastoid (steraomas- 
toid) and posteriorly by the anterior border of the trapezius. Its base is formed by the middle-third of the 
clavicle and the apex by the union of the trapezius and the sternocleidomastoid muscles. Its floor is 
muscular and u formed by the spfenius capitis, leva tor scapulae, scalenus medius, scalenus posterior 
and a portion of the first dictation of the serratus anterior from abo\ e downwards. The pres crtebral 
layer of the deep cervical fascia covers the muscles in the floor and separates these muscles from its 
roof. Its roof is formed by the investing layer of the deep cervical fascia Ivhich bridges across the gap 
between the anterior border of the trapezius and the posterior border of the sternocleidomastoid. 

^Vhen the anterior and posterior borders of the triangle do not meet at the apex the semispinalu 
capitis forms the uppermost muscle in^iis floor. The inferior belly of the omohyoid passes across the 
lower part of the triangle and subdivides it into upper, larger occipital and Iona, smaller svpraetaricutar 
triangles. 


Occipital triangle. Boundary. Anteriorly it is bounded by the posterior border of the sterno- 
cleidomastoid; posteriorly by the anterior border of the trapezius, inf trimly, it is bounded by the inferior 
belly of the omohyoid ana Superiorly by the meeting of the anterior and the posterior borders. Its 
floor is formed by the splenius capitis, levator scapulae, scalenus medius and the scalenus posterior from 
above downwards. Its roof is formed by the skin, superficial, and the investing layer of the deep fascia 
and by the platysma (in the lower part only). 


li) Ac cessory nervr . 

(ii) Cu't aneouiEfancbes fromJbe cervic al plexus. 




c. 


& 


(anterior cutaneous). 

, , Supra clavicula r nerves. 

Cominumfitlng - brarirhsrTtom the c ervical plexu s — 

(o) Branches from.C. 3 a nd 4 to jouTthe accessory ner ve. 
Upper part of theJnachiaLpIauu- 
SupraelavicuTaFbranches from the brachial plexus— 
fa) Sup rascapular nerve . 

(fj N erve to the hibefav ius. 

(c) Lo ng thora cicjwsve (nerve to the serratus anterior) 
(a) Nerves to rhomboids., 

ExternaTjugular"vein ahdlrans\erse cervical vein. 

Deep cervical lymph glands. 


Disposition of the structures. Accessory time. It pierces through the posterior border of .t he 
sternocleidomastoid at its junction of the upper one-third and lower two-thirds and then crosses this 
triangle obliquely lying in front of the levator scapulae'and finally disappears under cover of the lower 
part of the anterior border of the trapezius. The nerve occupies its position inj* tween ihejrooC.(in- 
vesting layejLof deep cervical fascia) and die floor (pfeverteb’ral layer of the deep cervical fascia). 

Lesser occipital nerve. It arises from the'C. 2 and emerges fromtheupper part of the f osterior border 
of the sternocleidomastoid muscle and hooking around the accessory nerve it ascends upwards to the 
scalp along the posterior border of the same muscle. 

Great auricular nerve. It arises from C. 2 and 3 and emerge# in the posterior triangle from behind 
the posterior border of the sternocleidomastoid below the accessory nerve and soon pierce* the deep 
fascia and runs upwards and forwards obliquely across the superficial surface of the sternocleidomastoid 
in company with the external jugular vein to the lower part of the lobule of the external car. 

Transtme cutaneous nerve. It arises from C.2and 3 and lies below the great auricular nerve and 
runs forwards transversely across the superficial surface of the sternocleidomastoid muscle. 

Suproeleriealar nerve. It arises by a common trunk from C. 3 and 4 and lies below the transverse 
cutaneous nerve and descends vertically downwards through the posterior triangle and divides into 
three branches lateral, medial and intermediate. 

Branches from the 3 and i. They descend vertically downwards below the accessory nerve and in 
parallel with it and disappear under cover of the anterior border of the trapezius muscle. 

Upper part of the brachial plexus. The roots of the brachial plexus of nerves lie under cover of the 
scalenus anterior muscle while its trunks appear in the interval between the scalenus anterior and the 
scalenus medius. 

Suprascapular rune. It arjsts from the upper border of the upper trunk of the brachial plexus and 
runs laterally deep to the omohyoid and trapezius. 

Pferot to svSclavius. It arises from the lower border or from the anterior part of the upper trunk 
and descending vertically downwards in front of the other trunks of the brachial plexus it disappears 
under the clavicle to enter into the subclairius muscle. 
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Long thoracic nerve (n err* to terrain s anterior). It arises by three roots from the fifth, rigth and the 
seventh cervical nerves respectively and the upper two roots pierce the » cal enuTTneai us ’aHiTfihite 
together either within the substance of the muscle or on its lateral surface anti then the united trunk 
descends behind the brachial plexus. 

Kent to rhomboids. It arises from C. 5 and pierces through the scalenus medius muscle and soon 
disappears under cover of the levator scapulae in company wilh the deep branch of the transverse 
cervical artery. 

External jugular vein. Ii passes through the. roof of the triangle vertically downwards and back- 
wards and disappears in the lower part of the triangle by piercing through the deep fascia. 

Deep cervical Lymph mules. They lie in chains along the posterior border of the sternocleidomastoid 
muscle. Some of them are also found along the accessory nerve. 

-''■'Supra clavicular triangle. It is the lower sub-division of the posterior triangle and intervenes 
between the inferior belly of the omohyoid and the clavicle. 

Boundary. Svpmorty it is bounded liy the inferior belly of the omohyoid, inferiorly by the middle- 
third of the clavicle and cntmarly its base is formed by the lower part of the posterior border of the 
sternocleidomastoid. Its floor is formed by Uie first rib, first digitauon of the serratus anterior and by 
the insertion of the scalenus medrus. Its roof isformed bythe skm, superficial and the deep fasciae and 
bv the plalysma. 


Contents. 

(i) Third part of the subclavian apiery </ 

(u) Transverse cervical vcsseb*»e'‘ 

(ml Suprascapular vessels^/ 

(u 1 Terminal part of the external jugular vein v_ 
(i ) Subclavian vein. 

(ill Supraclavicular nerves. 

(eti) Upper part of the brachial plexus of nerves ' 




Deposition of the structures. Third part qf the subclavian artery. It arches downwards and 
laterally from under coyer die lateral margin of the scalenus anterior immediately above the clavicle 
and then passes on to the upper surface of the first nb and finally passes downwards and laterally be- 
hind the clavicle to enter into the axi ll a . 

Transient tenual lettels. The transverse cervical artery and the vein run transversely across the 
from of the scalenus antenor muscle above the clavicle. 


Suprascapular vessels They lie below the transverse cervical vessels and run transversely across 
the posterior aspect of the clavicle. % 

Terminal tart of external rugular ittn. It enters this triangle vertically from above and after piercing 
the deep cervical fascia it ends into the subclavian vein 

Subclavian vein It crosses in front of the lower part of the scalenus anterior muscle and lies behind 
the clavicle. 

Suprarlawular nereis. The three branches of the supraclav icular nerves, lateral, medial and inter* 
mediate, lie on the roof of this triangle and cross it vertically to pass over the clavicle. 

Upper part of brachial plexus. The brachial plexus of nerves bes partly behind and partly above 
the thin! part of the subclavian artery and the nrrve roots lie between the scalenus anterior and medius. 


" Anterior triangle. Bolvdaby. /Jntaior/y it u bounded by the middle li ne of the neck and posteriorly 
by the antenor border of the sternocleidomastoid. The base h formed by the bast of the mandible 
and hy a line extending from the angle or the mandible to the mastoid process of the temporal bone. 
The opex is formed by the manubrium stem! where the anterior and the posterior borders meet together. 

SvnmvntoNS. Superiorly, the two bellies of the digastric muscle, and inferiorly, the superior belly 
of the omohyoid muscle, cross die floor of die anterior triangle and subdivide n into smaller triangles 
enumerated as below: 

(1) The triangular area lying above the two bellies of the digastric muscle o known as the digastric 
or sub-maxillary triangle. 

(2) The triangular area in between the sternocleidomastoid (stemomastcud) and the superior 
belly of the omohyoid and the posterior belly of the digastric forms the carotid triangle. 

(3) The triangular area enclosrd by the superior belly of the omohyoid, sternocleidomastoid and 
the middle line of the neck forms the muscular triangle. 

(4) Hie portion ly mg in between the two anterior bellies or die digastric muscles is known as the 
sub-menial triangle. 


* Carotid triangle. Boundaby. Abase and in front it is bounded by the posterior belly of the 
digastric. Below and in front it is bounded by die superior belly of the omohyoid. Posteriorly it is 
bounded by the anterior border of the sternocleidomastoid. The floor is formed by the thyrohyoid, 
hyoglossus and the inTcnor and die middle constrictor muscles of the pharynx and the roof u formed 
by the skin, superficial fascia, platysma and the deep fascia. 

Contents. Carotid sheath containing the common carotid artery, internal jugular vein and the 
vagus nerve, forms the main content. The common carotid artery lies medfatto the internal Jugular 
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three molar teeth and from the anterior part of the pterygo-mandibular ligament. 
The fibres of the buccinator muscle converge towards the angle of the mouth and 
arrange themselves into upper, middle and lower sets of fibres. The central or 
middle set x>f fibres intersect each other at the angle of the mouth and the lower 
fibres pass to the upper lip to become continuous with the orbicularis oris while the 
upper fibres join with the orbicularis oris of the lower lip. The upper set of fibres 
does not decussate and passes to the upper lip while the lower set passes to the lower 
iip. 



Fig. 408. The right maxilla shoeing muscular attachments and features. Seen front behind 

Nerve supply. It is supplied by the lower buccal branches of the facial nerve . 

Action. It is a blowing muscle and compresses the air while blowing. By it* 
action it presses on the food that accumulates between the teeth and the 
gums and the inner surface of the cheek and thus helps in mastication. 
It also helps in sucking. . 

(c) The Muscles or the N’osf ^ 

Compressor^ naris. 

Dilator naris. 

Procerus. 

Depressor septi. 

Compressor naris. It takes its origin/rom the anterior surface of the maxilla 
above and lateral to the Incisive fossa, and it* fibres run upwards and medially and 
spread into a thin aponeurosis which passes over jthe bridge of the nose to become 
continuous with the fellow of its opposite side and with the aponeurosis oftheprorerus. 
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J Verve supply. It 13 supplied by upper buccal branch of facial nerve. 

Action . It compresses the anterior nasal aperture. 

Dilator naris. It arises from the margin of the nasal notch of the maxilla 
and is inserted into the ala nasi. 

Nerve supply. It is supplied by upper buccal branch of facial nerve. 

Action. It dilates the anterior nasal aperture. 

Procerus. It has no bony origin. It arises from the fascia covering the lateral 
cartilage of the nose and the adjoining part of the nasal bone and is inserted in the 
skin over the lower part of the forehead opposite the region of the glabella and is 
continuous with the frontal belly of occipitofrontalis. 

Kmc supply. It is supplied by the upper buccal branch of lacial nc jve. 

Action. It draws down the scalp opposite the median plane in the region of 
the lower part of the forehead* and produces wrinkling of the skin in 
this region. 



Tig. 489. The frontal bone with attachment!. Seen from the front. 


Depressor septi. It arises from the Incisive fossa on the anterior surface of 
the maxilla and is inserted into the lower jjart of the nasal septum which is mobile. 

Nerve supply. It is supplied by the upper buccal branch of facial nerve. 


Action. It acts m association with the dilator naris and widens the anterioi 
nasal aperture * 


(d) Muscles of the Eye Lid * 
/ Orbiculari oculi. 

Levator palpebrac superiors, 
Corrugator supcrcilli. - 
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Orbicularis oculi. It is a broad, flat, elliptical muscle which surrounds the 
orbital opening and spreads on to the eye lid, forehead, cheek and to the temporal 
region. It consists of three parts namely, orbital, palpebral and lacrimal. 

The Orbital part of the orbicularis oculi takes origin from the nasal part of the 
frontal bone, from the lateral surface of the frontal process of the maxilla in front 
of the anterior lacrimal crest, both above and below the attachment of the media! 
palpebral ligament, and from the medial palpebral ligament. The upper fibres 
from above the attachment of the medial palpebral ligament arch round the upper 
eye lid to the lateral side and then without any interruption, the fibres turn down 
medially to return round the lower eye lid to the frontal process of the maxilla and 
gains attachment to it below the medial palpebral ligament. Superiorly some of 
its upper fibres blend with the frontal belly of occipito-frontaiis and the corrugator 
while some others arc inserted in the skin and subcutaneous tissues of the eye brow 
constituting the depressor supercilii muscle. 



Fig. 490. The right maxilla. Anterior surface. Showing attachments. 

The Palpebral pari of the orbiculatts oc'nf. forms thin bundles or muscle fibres 
in the eye lids which are loosely held together by' the subcutaneous connective tissue. 
The expansions from the levator palpcbftio run between these bundles to gain 
insertion into the skin of the upper lid. It arises mainly from the medial palpebral 
ligament and partly from the adjoining portions of the bone both above and below 
the attachment of the medial palpebral ligament. It is inserted into the lateral 
palpebral raphe (not lateral palpebral ligament) which is formed by the inter- 
lacement of fibres of the palpebral phrt of the'orbicularis oculi at the lateral com- 
missure of the eye. A thus bu&flle of fibres of the palpebral par t lies along the free 
margin of the eyelid behind thb eyelashes arid is called the filter? bundle or muscle 
(of Riolan). * . i . - 
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The lacrimal part of the orbicularis oculi encloses the lacrimal canaliculi and 
lies behind the lacrimal sac from which it is separated by the lacrimal fascia. It 
arises from the fascia covering the lacrimal sac, from the upper part of the crest of 
the lacrimal bone and from the adjoining portion of the lateral surface of the lacrimal 
bone behind its crest. Its fibres are divisible into upper and lower slips which pass 
to the corresponding eyelid. Some of these fibres surround the lacrimal canaliculi 
and are attached to the tarsal plate while most others pass laterally in the corres- 
ponding lid to terminate into the lateral palpebral raphe. 

Nerve supply. I( is supplied by the temporal and zygomatic branches of the 
facial nerve. 

Action. The orbital part is concerned in tight closure of the eye lids and is a 
true voluntary muscle, Contraction of the palpebral part closes the eyelids 
lightly and it is involuntary in action. Contraction of the lacrimal part 
stretches the lacrimal sac. When the whole muscle contracts it tightly 
closes the eyelids and draws tire skin of the temple, forehead and cheek 
towards the medial angle of the eye producing wrinklings particularly 
opposite the lateral angle of the eye where the wrinklings arc seen to spread 
radially from the lateral angle of the eye. 

Levator palpebrae superioris. It is a thin small muscle with a much 
expanded tendon of insertion and is mainly concerned in elevating the upper eye- 
lid and thus it acts as a true antagonist to orbicularis oculi. 

Origin. It arises by tendinous fibres from the inferior surface of the lesser wing 
of the sphenoid j ust above and in front of the optic canal . At its origin it is not direct- 
ly connected with the annulus tendinous communis but its tendon of origin remains 
blended with the tendon of origin of the superior rectus. 

Insertion. From its origin it runs forward above the superior rectus muscle 
and crossing the equator of the eyeball it expands, mostly laterally, to form a broad 
aponeurosis which splits into superficial and deep lamellae. The fibres of the super- 
ficial lamella can be divisible into strong, prominent, hrtcral, and indefinite, medial 
horns or cornua and an intermediate main portion. The fibres of the intermediate 
main portion end by being attached to the orbital septum, the superficial aspect 
of the superior tarsal plate, to the connective tissue of the eyelid and to the skin; 
the fibres reaching the skin pass through the fibres or the overlying orbicularis oculi. 
The lateral horn is attached to the front of the lateral palpebral ligament and to the 
tubercle of Whitnall of the zygomatic bone while the medial horn is attached to the 
posterior part of the medial palpebral ligament. 

The deep lamella consists of non-striated involuntary fibres (superior tarsal 
muscle of Muller) and it ends by being attached to the upper border of the superior 
tarsal plate. 

Nerve supply. The striated or voluntary part of the levator palpebrae superioris 
is supplied by the superior division of the oculomotor nerve. Its involun- 
tary or non-striated part is supplied by branches from the carotid plexus of 
sympathetics. 

Action. The voluntary part raises the upper eyelid as in opening the eye and 
is a true antagonist to the orbicularis oculi and is responsible for 
producing the superior palpebral fold. The involuntary part also helps in 
raising the upper eyelid. * 

Paralysis of the voluntary part of the muscle causes ptosis and obliteration of 
the superior palpebral fold. Paralysis of the involuntary part also produces 
ptosis but it docs not affect the superior palpebral fold. 

Relations of the levator palpebrae superioris. In the greater part of its course the 
deep surface of the levator palpebrae superioris lies in direct contact with the superior 
rectus muscle of the eyeball. At its origin the trochlear nerve crosses it to gain the 
superior oblique muscle which lies on its medial side. The frontal nerve lies on its 
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superficial aspect in its course to the supraorbital margin where it divides into supra- 
orbital and supratrochlear nerves. The supraorbital artery appears on its medial 
margin a little in front of its origin and then runs forward on its superficial aspect. 
The lateral horn of the levator palpebrae superioris intervenes between the palpe- 
bral and orbital portions of the lacrimal gland, the orbital portion lies above it 
while the palpebral portion lies deep to it and the two parts of the gland are conti- 
nuous with each other around the free posterior border of the horn. 

Corrugator superciHi. It is a small muscle which lies at the medial end of 
the eyebrow under cover of the orbicularis oculi and the frontal belly of occipito- 
frontalis. It arises from the medial end of the superciliary arch and arching laterally 
and upwards it is inserted in the skin opposite middle of the supraorbital margin. 

Nerve supply. It is supplied by the temporal branches of the facial nerve. 

Action. It draws the eyebrows medially and downwards as in “frowning”. 

(e) Muscles or the Scalp 
Occipito-frontalis. 

Temporoparietalis. A variable muscle in the temporal region. 

The two muscles of the scalp form together the epicranius which lies just 
subjacent to the superficial fascia of the scalp. The superficial fascia of the scalp is 
dense everywhere except in the temporal regions where it is comparatively looser. 
It binds the skin and the epicranius together and thus the skin with the epicranius 
moves as a single unit over the underlying loose cellular layer. Posteriorly the 
superficial fascia is continuous with the superficial fascia on the back of the neck. 

Occipito-frontalis. It is a broad musculo-aponeurotic structure which ex- 
tends between the eyebrows in front, and, nuchal lines behind and covers the vault 
of the cranium. It is muscular both in front and behind but aponeurotic in the 
intervening area known as the galea aponeurolica which forms the link between the 
opposite muscular bellies. It consists of two frontal and two occipital bellies and 
the galea aponcurotica. 

Frontal bellies. The frontal bellies have no bony attachment. Each of the frontal 
bellies arises from the condensed superficial fascia opposite the region of the glabella 
and the supraorbital margin, and ascends upwards and backwards to terminate into 
the galea aponcurotica in frffnt of the coronal sature. At its origin, itsmedial fibres 
are continuous with the fibres of the procerus, intermcdiate fibres, with the corns- 
gat or supcrciUi and orbicularis ocuii, and the- lateral fibres, with the fibres of the 
lateral part of the latter muscle. 

Occipital bellies. Each occipital belly arises from the lateral two- thirds of the 
superior nuchal line of the occipital bone and from the adjoining part of the mastoid 
part of the temporal bone. It runs upwards and forwards to become continuous 
with the galea aponeurotica. 

Galea aponeurotica. It is an aponeurotic membrane^ that covers the vault of the 
cranium and connects the frontal and occipital bellies together. Posteriorly it 
extends between the medial margins of the two occipital bellies and is attached 
to the external occipital protuberance and to the medial portions of the superior 
nuchal lines. Anteriorly, there being no gap between the medial margins of the 
frontal bellies, it extends from the anterior margins of the two frontal bellies. 
Laterally it becomes thinned out and extends over the temporal fascia to the zygo- 
matic arch to which it is attached; the auricutaris anterior and superior arise from 
the galea aponeurotica from each side. 

Nerve supply. The occipito-frontalis muscle is supplied by the facial nerve, the 
frontal bellies by the temporal branches and the occipital bellies by the 
posterior auricular branches. 

Action. By acting alternately the frontal and the occipital bellies of the 
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occipitofrontalis move the scalp forwards and backwards respectively 

producing transverse wrinkles over the forehead. 

THE MUSCLES AND FASCIA IN THE REGION OF THE NECK 

Superficial fascia of the neck. The superficial fascia of the ncck Js ex - 
c eedingly thin and is b l ended with t heJibres ti l the platysma muscle. It cannot be 
se'paratedTrom tiie - muscle, whTch7~together witlTthc thin layer of the fascia acts as 
the superficial fascia.^- 

Platysma. It is a thin sheet of muscle which covers theside of the necksuper- 
ficial to the deep fascia. It is thin posteriorly but is thicker in front where the 
muscular fibres are abundantly present. It arises from the deep fasci a coverin g the 
upper part_o £ the pectoralis major and the anterior part of the deltoid, and t hen 
arches oy crthe^^ rdil nnrl a 5ccruk3i pwards~in the neck_lo re ach thcj ^asc-of the 
Opposite symphysis menti, its median fibres end by interlacing with each 
otHerTsuccceding fibres ascend over the mandible and form the risorius m uscle of 
the face and is attached to the skin and subcutaneous tissue of the Tower part of the 
face and to the orbicularis oris opposite the angle of the mouth; its remaining fibres 
are attached to the base of the m andible below the oblique line. 

Action. It causes wrinkles on the side of the neck. It diminishes the gap 

between the jaw and the neck. Its anterior fibres may help in depressing 

the mandible. 

Ji'crvc supply. It is supplied by the cervical branch of the facial nerve. 

Structures found between the platysma and the deep fascia: 

(1) External junglar vein. 

(2) Cutaneous nerves of the neck, namely, anterior cutaneous, great auricular, 
supraclavicular nerves and the lesser occipital from the cervical plexus, and the 
cervical branch of the facial nerve. 

Surgical Importance. The superficial wound of the neck severing only the 
platysma bleeds profusely because the cut edge of the platysma retracts but the 
bleeding vessels remain open because they cannot retract owing to their wall being 
fixed with the deep fascia; to stop the bleeding the deep fascia may be required to 
be cut, so that, the vessels will retract an d the haem orrhage will be stopped. 

Deep cervical fascia. The deep cervical fascia (fascia colli) forms a general 
investmentfor the structures in the region of the neck and is remarkable for the fre- 
quency with which it splits and encloses structures. It consists of three distinct 
layers — (a) the general investing layer, ( b ) the pretracheal layer and (c) the pre- 
vertcbral layer. 

The general investing layer. This is the superficial-most layer or the 
deep cervical fascia and is covered superficially by a thin sheet of muscle known as 
the platysma; between the platysma and the general investing layer there He the 
superficial veins and the cutaneous nerves of the neck. Its attachments arc as 
follows : 

Upper attachments 

(1) External occipital protuberance. 

(2) Superior nuchal line. 

(31 Mastoid process. 

(4) Zygomatic arch. 

(5) Body of the mandible. 

Lower attachments 

(1) Spine of the scapula and its acromion process. 

(21 Clavicle. 

(3) Manubrium stemi. 



489 


THU MUSCULAR SYSTEM OR THE MYOLOGY 

Posterior attachments. Posteriorly it is attached to the ligamentum nuchae 
throughout its whole length. 

Distribution*. Transverse disposition. Transversely, the investing layer, when 
traced forwards from its posterior attachment, is found to split into two 
layers at fisc posterior border of the trapezius muscle, they enclose the muscle, 
and reaching its anterior border they again reunite to form a single layer which 
bridges across the intermuscular gap between this muscle and the stemomastoid and 
thus form_»Jhc roof oFthc postrrinr.trianglsf. Atjhe posterior bor der of the sterno- 
mastoidnT again splits into two la yers which enclose flic muscle and reaching its 
anterior border again reunite to form a single layer ~which r6b irin~tH~c anterior 
triangle and reaching the middle Hoc b econicTcontinuo us with the fellowjsf its 
opposite side. TIifTaycr Tjflrrvestimf fascia that passes dcep~T6 tlie stemomastoid 
gives out fibrous processes winch en close the infrahypidstrap muscles, TheTascial 
investments fofThrTrrrpTnusclcs reunite to Tofm a single layer medially beyond the 
said muscles andjhen passes to the median plane in front of the thyroid gland and 
the trachea to 'form the y rttrat htalJaiu and finally becomcS COntinuOus with the 
fellow of the opposite side'at the median plane. The pretracheal fascia a lso passes 
in front of the carotid system ("common carotid arier^Tmtcmaijugxiiar vein and the 
vagus nerve) to form the anterior layer of the carotid sheath. From the deep sur- 
face or the stemomastoid the investing layer of the deep fascia also gives out a 
fibrous process which passes deep to the carotid system to form the deep or posterior 
layer ot the carotid sheath. 



Fig. 491 . ChicT lay co of the deep fascia of the neck below the hyoid bone. Note ibereU- 
tions of the various nerves. The fasciae and fascial spaces shown ^ ?' 

tically shown and exaggerated. With kind permission : From 1\ - H. Holhnshead Fh.U. . 
Anatomy for Surgeons, Vol. 1 : Paul B. Hoeber; I.N.C., N«v York. 


Vertical disposition . When traced downwards its lower bony attachment is 
verified; opposite the posterior triangle where it forms the lower part of the root ol 
the posterior triangle it is found to split into two layers to enclose a space ana both 
these layers afterwards are attached to the clavicle; the structures found between 
these two layers are the following: 

(1) The supraclavicular nerves. 

(2) The distal portion of the external jugular vein. 

(3) Some lymphatics and cutaneous vessels. , 

Opposite the lower part of the anterior triangle it also splits into two layers 
which are attached to the two borders of the suprasternal notch of the manubrium 
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sterni and enclose a space — the suprasternal space ( space of Burns) ■which contains the 
following structures : 

(1) Sternal head of the stemomastoid muscle. 

(2) Venous arch formed by the terminal portions of the two anterior jugular 
veins. 

(3) Sternal lymph gland. 

(4) The interclavicular ligament. 

Traced upwards opposite the sub-mandibular region it splits into two lamellae 
which enclose thcsubmandibular gland; the superficial of these two layers is attached 
to the base of the mandible while the deep layer is attached to the mylohyoid line 
of the mandible; in between these two layers, in addition to the submandibular 
salivary gland, it contains the submandibular lymph gland. 

Opposite the interval between the angle of the mandible and the mastoid 
process it also splits into two layers which enclose the parotid gland; the superficial 
of the two layers is attached above to the zygomatic arch, the deep one being 
attached to the base of the skull. 

The superficial layer after covering the superficial surface of the parotid gland 
as.it goes up to be attached to the zygomatic arch covers the masseter muscle and 
this portion of the fasica which is very* thick and tense is known as the parotids 
masseteric fascia. 

The portion that extends backwards from the angle of the mandible to the 
mastoid process is also attached to the lateral aspect of the styloid process of the 
temporal bone and this portion of the fascia which extends from the angle of the 
mandible to the styloid process is specially thickened to form the stylomandibular 
ligament which intervenes between the parotid gland above and the submandibular 
gland below. 

To sum up, the investing layer comes into the formation of the following things : 

(1) It encloses two muscles — the trapezius and the stemomastoid. 

(2) It encloses two spaces— the suprasternal space and the supraclavicular 
space. 

(3) It roofs in the two triangles of the neck — the posterior and the anterior 
triangles. 

(4) It ensheathes two glands — the submandibular and the parotid glands. 

(5) It forms theparotido-masseteric fascia and the stylo-mandibular ligament. 

Pretracheal fascia. 

Horizontal extent. On the deep surface of the stemomastoid muscle the 
investing layer gives out processes which enclose the strap muscles and then pass 
across the front of the carotid system, thyroid gland and the trachea, known as 
the pretracheal fascia; it sends out another process which passes behind the carotid 
system and in front of the prevertebral muscles and the prevertebral fascia to form 
the posterior layer of the carotid sheath. The pretracheal fascia in its course 
towards the median plane encloses the thyroid gland. 

Vertical extent Above, it is attached to the hyoid bone and opposite the middle 
line to the thyroid and the cricoid cartilages. It descends downwards in front of 
the trachea up to the superior mediastinum where it ends by blending with the 
fibrous pericardium over the great vessels. 

The prevertebral fascia. 

Vertical extent. Above, it is attached. to. the base of the skull, and below’, it 
descends downwards to. the superior mediastinum in front of the longus cervicis 
muscle where it ends on its posterior wall. 

Horizontal extent. Like the investing layer of the deep fascia the prevertebral 
fascia is attached posteriorly to the spines of the cervical vertebrae and 
to the ligamentum nuchae.. Traced forwards it passes deep to the trapezius 
muscle and reaching its anterior border it covers the floor of the posterior tri- 

and sends out septa to enclose the muscles in the floor. Opposite the pos- 
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tcrior triangle it comes into contact with the investing layer of the deep fascia 
(together form the fascial carpet of posterior triangle) which forms the roof of 
the posterior triangle. Lying in between the roof (investing fascia) and the floor 
(prevertebral fascia) in this situation is the accessory nerve. Lower doivn in the 
region above and behind the clavicle the prevertebral and the investing layers of 
the deep cervical fascia are separated from each other by some space and lying 
between them are the lower end of the external jugular vein, transverse cervical 
and suprascapular arteries, the supraclavicular nerves and the posterior belly of 
omohyoid muscle. From the posterior triangle the fascia descends along the bra- 
chial plexus of nerves and the axillary vessels to form the axillary sheath. Anteriorly 
it passes deep to the sternomastoid muscle to reach the lateral aspect of the internal 
jugular vein and then passes medially deep to the internal jugular vein, the common 
carotid artery and the vagus nerve (lying deep to the posterior layer of the carotid 
sheath and scalene fascia) to the transverse processes of the cervical vertebrae 
to which it is attached. Then it crosses the middle line to become continuous 
with the fellow of its opposite side. 

Surgical Imparlance. The investment of the pretracheal fascia on the posterior 
aspect of the thyroid gland is very thin and delicate. Hence, this part of the gland 
forms its weak spot and any growth of the gland tends to enlarge through this surface 
which forms the line of least resistance. 

The prevertebral layer on the back of the pharynx is adherent to the bucco- 
pharyngeal fascia opposite the middle line. Thus any collection of pus behind the 
prevertebral fascia in the neck will push the whole posterior wall of the pharynx 
forwards (cold abscess) . The retro-pharyngeal lymph glands that lie in between 
the bucco-pharyngcal and prevertebral fasciae, on each side of the median plane, 
may be the frequent seat of acute inflammation and any collection of pus in this 
situation will push the wall of the pharynx forwards on one side of the median plane 
because the two fasciae are adherent opposite the median plane (acute inflam- 
mation); due to the extension of the prevertebral and pretracheal fasciae into the 
mediastinum, inflammatory processes starting in the neck beneath these fasciae 
may extend into the mediastinum. 

Carotid sheath. It is a condensed mass of. fibro-arcolar tissue which sur- 
rounds and embeds the carotid "arteries, the internal jugular vein and the vagus 
nerve and occupies the interval between the transverse processes of the cervical 
vertebrae behind, the trachea, larynx, pharynx, oesophagus and the lateral lobe of 
the thyroid gland medially and the sternomastoid muscle laterally. 

Constitution of the sheath. The investing layer of the deep cervical fascia 
reaching the deep surface of the sternomastoid muscle sends out two sheets of fascia — 
one layer passing in front of the carotid system (common carotid artery, internal 
jugular vein and the vagus nerve) and the treachea forming the pretracheal layer 
and the other passes behind the carotid system and in front of the prevertebral 
fascia to form the posterior layer of the carotid sheath. __ In the middle line the 
pretracheal layer after enclosing the thyroid gland is continuous with the fellow of 
its opposite side. It is now evident that the anterior wall of the sheath is formed by 
the pretracheal layer and the posterior wall by another deep process that comes 
from the investing fascia, laterally by the investing fascia between tts fascial pro- 
cesses and medially by a condensed mass of fibro-areolar tissue which connects the 
two layers of the fascia that enclose the carotid system. 

Contents of the sheath , 1 1 contains the comm on an d the beginning of the external 
and internal carotid arteries, the internal jugular vein and the vagus nerve. The 
common carotid artery lies medially, the internal jugular vein laterally and the 
vagus nerve lies in between and behind them. The constituents of the ansa hypo- 
glossi are in close contact with its anterior wall while the sympathetic trunk lies 
against its posterior wall. 

Sternocleidomastoid (Sternomastoid.) This is a long, thick muscle which 
crosses diagonally each side of the neck from the front of its root to the back of 
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the head. It is thick and rounded in its centre and is broad and expanded 
at its ends. 

Origin. It consists of two heads of origin, sternal or medial head and clavi- 
cular or lateral head. The sternal head forms a rounded tendon which arises from the 
front of the upper part of the manubrium stemi and ascends upwards and laterally, 
The clavicular head forms a flattened band consisting of muscular and aponeurotic 
fibres and arises from the medial one^ third of the superior surface of the medial 
two-thirds of the clavicle. It ascends vertically upwards under cover of the stcmal 
head and immediately below the middle of the neck it joins with the deep surface 
of the latter to form a thick muscular belly. The two heads of origin are separated 
from each other by a triangular interval, the apex of which is directed upwards. 

Insertion. The muscular belly thus formed ascends upwards and backwards 
and reaching the back of the head it becomes flattened and tendinous. It is inserted, 
by a strong tendon, into the lateral surface of the mastoid process of the temporal 
bone throughout its whole length and by thin aponeurotic fibres, to the lateral half 
of the superior nuchal line of the occipital bone above the splenius capitis. 

In its course it subdivides the quadrilateral area on the side of the neck into two 
triangles, anterior and posterior. 

Relations. Superficially it is covered by the skin, superficial fascia with platysma 
and the deep fascia and is crossed by the great auricular nerve, external jugular 
vein and the transverse cervical nerves (anterior cutaneous nerves) from above 
downwards. Opposite the angle of the mandible it is overlapped by a portion of 
the parotid gland. The inferior belly of the omohyoid and the posterior belly of 
the diagastric cross its deep surface from behind forwards at some distance from each 
other and subdivide its deep surface into three parts. Between the omohyoid and its 
origin it co\crs the sternoclavicular articulation, sternohyoid and sternothyroid 
muscles, anterior jugular vein which intervenes between its deep surface and the 
sternohyoid and sternothyroid muscles, and the carotid sheath. Between the 
inferior belly of the omohyoid and the posterior belly of the digastric it covers the 
carotid sheath containing the common carfftid artery, commencement of the external 
and internal carotid arteries, internal jugular vein, the vagus nerve and the ansa 
cen-icalis (hypoglossi). In addition, its anterior part overlaps the superior thyroid, 
lingual and facial arteries and the common facial and the lingual veins. Above the 
posterior belly of the diagastric it covers the external and internal carotid arteries, 
occipital artery, hypoglossal, vagus and accessory’ nerves, the parotid gland, the 
stylohyoid muscle and the internal jugular vein. Its posterior part overlaps the 
splenius capitis, levator scapulae, scalenus medius and anterior and the inferior 
belly of the omohyoid muscle. It also overlaps the cervical part of the 
brachial plexus of nerves. The accessory nerve, transverse cervical and the supras- 
capular arteries emerge into the posterior triangle from under cover of its posterior 
part. Tbr deep rrxvjral Jyxnpb glands lie alopg its anterior and posterior bordera- 

Ariery supply. It is supplied by the branches from the superior thyroid and 
occipital arteries. 

Nerve supply. It is supplied by the accessory nerve and by branches from the 
ventral divisions of the second and third cervical nerves. The accessory' 
nerve is its motor nerve while the branches from the second and the third 
cervical nerves carry proprioceptive sensations (muscle sense) from it. 

Actions . Acting together against gravity as in raising the body' from recum- 
bent to sitting posture or against resistance they flex the head and the neck 
on the trunk. Acting singly each muscle draws the head and the neck 
towards the same shoulder and also rotates the head towards the opposite 
side as in turning the face towards the opposite shoulder. When the head 
is fixed the two stemocleidomastoids act as muscles of inspiration by 
elevating the thorax. 

Trapezlos. The trapezius muscle is the most superficial muscle of the 
*-,ncck and back and is roughly triangular in form. Seen together the two muscles. 
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Fijf. 492, A dissection of the front of the neck with retraction of stemoclridomastoitleus 


on me ngni nee. 

Wlh kind permission : From Callander : Surgical Anatomy, 2nd cd 1939 \V B. Saunders 
Company, Philadelphia and London. Muscles art shown in colours, 

one on each side of the median plane on the back, have the semblance of a geometrical 
trapezium and hence it is named “trapezius”. 

Origin. It arises by tendinous fibres from the external occipital protuberance, 
from the medial one-third of the superior nuchal line, from the ligamentum nuchae, 
from spines of the seventh cervical and all the thoracic vertebrae and from the 
supraspinous ligaments. From its different origins it forms a fiat triangular muscle 
which may be considered to consist of three portions, upper , middle and lower. _ 

Insertion. Its upper fibres descend downwards and laterally and are inserted 
into the posterior border of the lateral one-third of the clavicle. The lower fibres 
pass upwards and laterally, form a tendon which glides over the smooth triangular 
area at the medial end of the spine of the scapula and is inserted into a tubercle on 
the upper lip of the spine opposite the apex of the smooth triangular area. The 
middle fibres pass transversely and are inserted into the medial margin of the acro- 
mion and the upper lip of the spine of the scapula. 

diene supply. It is supplied by the accessory nerve (motor supply) and by the 
branches from the ventral divisions of the third and fourth cervical nerves 
(sensory, proprioceptive) . 
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Actions. The actions of the trapezius are variable subject to whether the muscle 
works in part or in whole. Its actions also vary depending on whether the 
scapula is fixed or mobile. 



When the muscle works as a whole, together with the rhomboids it retracts the 
scapula (draws it backwards and medially). Together with the levator 
scapulae its upper fibres elevate the scapula and the shoulder girdle and 
thus raise the point of the shoulder. Together with the serratus anterior it 
rotates the scapula forwards, causes movement of the shoulder girdle and 
enables the arm to be raised above the head. When the scapulars fixed, 
acting singly it rotates the head with the atlas at the atlanto-axial joint 
to the opposite side as in turning the head to the opposite side. With the 
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Deposition of the Structure* la the carotid triangle. S uperior tfiyro artery ft ar isea 
from the external carotid artery immediately below the greater comCPOFTlfFhyofd ' hone and runs 
downward*, forward* and medially to disappear under cover of the sternothyroid and sternohyoid 
muscles. 

Superior hntjrit geal artery . It arises from the medial ajpccr of superior thyroid artery just before it 
parse* be hin d- th e fTcrnoliyotd and sternothyroid muscles and then ascends upwards and medially to 
reach the hyo thyroid memhrane which it pierces below the internal laryngeal nerve. 

Stenomas(oi<f branch of the superior thyroid artery arises from its iatcraf side and descending down- 
wards and laterally in front of the carotid sheath it enter* into the sternocleidomastoid muscle. 

Lingual. It arises from the external carotid artery opposite the tip of the greater cornu of the 
hyoid bone and abose the superior thyroid artery and runs upwards, forwards and medially and then 
descends downwards forming a loop which is crossed by the hypoglossal nerve; it then disappears under 
cover of the hyoglossus muscle. 

Facial artery. It arise* front the external carotid artery above the lingual artery and runs upwards, 
forward* and medially beneath the digastric and stylohyoid to reach the submandibular gland where 
it is lodged in a groove at its posterior part before entering into the face. 

Occipital. It arises front the lateral aspect of the external carotid artery and passes upwards, 
backwards and laterally superficial to the internal carotid artery and the internal jugular vein. It is 
crossed by the hypoglossal nerve from behind which hooks round it to pass medially across the 
internal jugular vein and the external and internal carotid arteries; the point where the hypoglossal 
nerve hooks under the artery it gives out its descending branch. 

Ascending pharyngeal, ft arises from the lateral aspect of the externa? carotid artery immediately 
above the bifurcation of the common carotid artery and runs upwards in between the external and 
internal carotid arteries. 

Nerve* 

IlypootossAL. It descends in between the internal carotid artery and the internal jugular vein, 
and opposite the level of the angle of the mandible it hooks round the occipital artery and turns medially 
forming an arch with a convexity downwards and crosses both the carotid arteries and the loop of the 
lingual artery- and then disappears by passing between the mylohyoid and the hyoglossus. 
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'Hie tk-nfti; hunch from the hypoglossal nerve descends downwards cither in front of the carotid 
sheath or through the carotid sheath and after giving a branch to the superior belly of the omohyoid 
joins with the second and the third cervical nerves to form the ansa (hypoglosii) cervicalis, 

Tl e thyrthroid trervh from the hypoglossal nerve arises from it opposite the posterior border of the 
byoglowus muscle. Crowing obliquely over the greater cornu of the hyoid bone it ends In the thyro- 
hyoid mu*de. 

Vagct nerve. It passe* through the carotid sheath lying in between and behind the common 
caruud artery and the internal jugular vein. 

Internal MSYMsRAt SERVE. It t* a branch of the superior laryngeal nenc {branch of vagus} 
and pierces the thyrohyoid membrane above the superior laryngeal artery. 

External laryngeal nerve. It is a branch of the superior laryngeal nerve which descend* 
downward* and medially and lies postcro-medial to die superior thyroid artery. It ends in the crico- 
thyroid muscle 



1 12. 425. The dissection of the anterior trianflle of the netk. Right side. 

With kind permUsVm : From CallanJ-r : Surgical Anatomy, 2nd ed., 1939. : \V. B. Saundm 
Company, Philadelphia and I-onJon. 

A «aato*v verve. It h‘e* in the superior angle of the carotid frianahr and descending la front 
of the inwwst jugular vein it crosses to its lateral side and then enters into Sternocleidomastoid by 
pasiing hcr-rath the posterior belly of die digastric and the stylohyoid muscles. It soon disappears by 
parting invs the syfcntanee of the sternocleidomastoid snvacie. 

Sv MEATitcm Ktane TRUNK. 1 1 l.es behind the carotid sheath and in front of the train* erte pro* 
terse* cf the ccmcal sembrac. 
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Ansa cervicaus (hyfoglossj). It is formed by the union of the desccndens hypoglossi and the 
“Mo** second and the third cervical nerves and lies either In front of or behind the carotid 
shcathi From the ansa three branches arise which supply the sternohyoid, sternothyroid and the 
inferior belly of the omohyoid muscle. The desccndens hypoglossi at first descends in front of the 
tnteRUl jogtUi ar vein and then crosses it to its medial side where It is joined by the desccndens cervicalis 
(CL 2, 3) w Well crosses the internal jugular vein from above downwards, forwards and medially. 

, Otijer structures. Carotid body. It is a small reddish body resembling a large pin’s head and 
is placed at the bifurcation of the common carotid artery. The following structures are also found in 
the triangle : 

Part of the larynx and trothea. 

Greater comu of the hyoid bom. 

Lymph glands end lymph vessels. 

Muscular triangle. Boundaries. 

Anteriorly. By the middle line of the neck. 

Posteriorly and ahoie. By the superior belly of the omohyoid. 

Posteriorly and below. By the lower part of the anterior border of the sternocleidomastoid muscle. 


Contents. (I) Muscles. 

fa) Stcrnohyoid.Sl 1 lies in front of the trachea on each side of die median plane. 

(b) Sternothyroid y It lies in front of the trachea deep to sternohyoid. 

(c) Cricothyroid. ~ / i t extends from the cnccud to the thyroid cartilage under cover of the 
sternohyoid and sternothyroid. 

{d) Levator glandult tfryroidi , It extends from the thyroid isthmus to the hyoid hone on either 
side of (he median plane. 

(2) Vessels, (a) Superior thyroids It passes obliquely behind the sternohyoid and sternothyroid 
muscles to reach the thyroid gland. Its crico-lhyroid branch passes in front of the crico-thyroid 
membrane and dorms an arterial arch by anastomosing with the fellow of its opposite side. Above 
the isthmus of the thyroid its anastomosing branch forms another arterial arch by joining with the 
fellow of its opposite side. 

(3) Nerves, (a) Nerve to the sternohyoid and sternothyroid from the ansa cervical is (hypoglossi). 

(b) Externa! laryngeal nene.t/lt enters the cricothyroid muscle behind the upper end of the 
sternohyoid and sternothyroid muscles. 

(c) Recurrent laryngeal nine. HI lies at first sn the groove between the trachea and the 
oesophagus and then passes deep to the posterior surface of the thyroid gland and finally 
enters into the larynx by passing below the articulation between (he inferior comu of the 
thyroid with the cricoid carulage. 

(4) Other structures. ^ 

f Larynx and trachea. 

Thyroid gland. 

Oesophagus. 


Digastric triangle or the submandibular triangle. Bouvqary. 

Below and in front. By the anterior belly of the digastric, 

Below and behind. By the posterior belly of the digastric and the stylohyoid. 

Above. By the base of the mandible ana by a line j oining the angle o f the m andible to thcjrtastotd 
process of the temporal boner"'' 

Roof. By the skin, superficial fascia^latysmaand the deep-fascia. 

Floor. By the mylohyoid and hyoglwsus muscles. ~ 

Contents (I) Muscles - - 

(a) Styloglossus.* It he* on the upper part of the superficial surface of the hyoglossus 
muscle and is placed on a level higher than the sty lopbaryngeus. 

(b) Stylophaiyngevs.-^s It lies on the lower part of the hyoglossus muscle and then passes in 
between the superior and middle constrictor muscles of the pharynx. On its inferior 
aspect there lies the glossopharyngeal nerve which gives a twig to the muscle. 

(2) Arteries, (a) Fascia! artery It grooves in the posterior part of the submandibular 

gland and at the lower bolder of the body of the mandible it gives out its submental 
branch. - 

(A) Mylohyoid branch of the inferior denial artery. It lies under cover of the body of the mandible 
in the mylohyoid groove. — / 

(e) Terminal portion of the external carotid artery. It ascends upwards (o enter into the 
substance of the partMcf eland- 

{d) Internal carotid arltiy. It lies postero-Iateral to the external carotid artery. 

(3) Veins, (a) Internal jugular tein.^lt lies lateral to both internal and external carotid arteries. 
(b) Facial {Anterior) inn. It passes superficial to the superficial portion of the submandibular 

gland and join* with the anterior division of die (posterior facial vein) retromandibular cein 
which ends In the internal jugular van by crossing the carotid sheath. 

(4) Nerves, (a) Mylohyoid branch of the inferior dental nerve. {/It lies along with the corres« 

ponding artery^ It gives out a branch which enters the posterior border of the anterior 
belly of the digastric muscle and supplies tt. 
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(6) Glaiiophaijngtal nettt. It lies on the inferior aspect of the styfopharyngeus muscle to 
which » goes branches and along with it pawn in between the superior and middle 
constrictors of the pharynx. 

(t) Vagus. It lies deep to internal carotid artery and the internal jugular vein. 

(d) Hypoglossal time. It lies in between the mylohyoid and hyogiowus below the 
submandibular duct. 

ft] Lingual r.tnt. It lies in between the mylohyoid and the hyoglossus and abo\e the 
submandibular duet and more anteriorly » is crowed by the submandibular duct. 

{51 Other mticTuus 

{fll Submandibular gland Kith 111 duel. 

(4j Latter porlton of the parotid gland 
le) Submandibular ganglion. 1 1 is small rounded ganglion suspended from the lower border 
of the lingual nenc by two roots and lies above the deep part of the submandibular 
gland and provides two short branches to the submandibular gland in the situation. 


Submental triangle. BOCSOARV 

On either side 13s the anterior belly of the digastric. 

Apex n> the union of the two anterior b»!!in of the digastric 
Base U> the Iwdy of the hyoid bo ig/ 

Float Bj the mylohyoid muscles. ' , ' 


Contents. 

(oj Anterior jugular tem 
(fcj Submental lymph gland. . 


INFRAHYOID MUSCLES OF THE DEPRESSOR MUSCLES OF THE HYOID BONE. 

Omohyoid. It is a flat ribbon-shaped muscle which traverses through both 
the triangles (anterior and posterior) of the neck and consists of two fleshy bellies, 
inferior and superior, and an intermediate tendon. 

Origin. The Inferior belly arises from the superior border of the scapula close to 
the suprascapular notch and also from the suprascapular ligament, and by crossing 
the posterior triangle it ends into the intermediate tendon under cover of the 
sternocleidomastoid muscle. In its course upwards and forwards through the 
posterior triangle the inferior belly of omohyoid subdivides the posterior triangle into 
occipital and subclavian triangles. 

Insertion. The Superior belly arises from the intermediate tendon and ascends 
vertically upwards to gain its insertion to the lower border of the body of the hyoid 
bone below the mylohyoid and lateral to the sternohyoid muscle. 

The intermediate tendon lies under cover of the sternocleidomastoid over the 
internal jugular vein opposite the level of the cricoid cartilage. The muscle is 
cnshcathcd by the deep cervical fascia and a fascial process anchors the intermediate 
tendon to the clavicle. 

.Wirt Supply. The superior or the anterior belly is supplied by a branch from the 
dcsccndcns hypoglossi and the posterior belly is supplied by a branch from the ansa 
cervicalis (hypoglossi) . 

.iV/vie. h depresses the hryx.v /At by rid Atwt after their elevation by thr 

suprahyoid muscles. 


Sternohyoid. This is a thin, strap-like, bilateral muscle which ascends 
vertically upwards, one on each side of the median plane, superficial to the thyroid 
gland, to its insertion in the hyoid bone. 

Origin. It arises from the posterior surface of the manubrium stemi, from the 
capsule of the sternoclavicular joint and from the posterior surface of the clavicle 
close to its sternal end. 


Insertion. It is inserted into the lower border of the body of the hyoid bone 
below the mylohyoid muscle and medial to the superior belly of the omohyoid. 

Jlent supply. It is supplied by a branch from the ansa cervicalis (hypoglossi) 
(C. 2-3). 

delion. Same as omohyoid. 


Sternothyroid. Origin. It occupies a deeper plane titan the sternohyoid 



THE MUSCULAR SYSTEM OR THE MYOLOGY 


501 


and arises from the back of the manubrium sterni and from the adjacent portion of 
the first costal cartilage. 

Insertion. It is inserted into the oblique line of the thyroid cartilage. 

Nerve supply. It is supplied by a branch from the ansa cervicalis (C. 2-3). 

Thyrohyoid. It is a small quadrilateral muscle which arises from the oblique 
line of the lamina of the thyroid cartilage and 3s inserted into the lower border of 
the greater cornu of the hyoid bone close to the body. 

Nerve supply. It is supplied by first cervical nerve through hypoglossal nerve. 

Action. Same as other infrahyoid muscles. 

THE SUPRAHYOID MUSCLES OR THE ELEVATOR MUSCLES OF 7 HE HYOID BONE. 

(1) Digastric. (4) Hyoglossus. 

(2) Mylohyoid. (5) Geniohyoid. 

(3) Stylohyoid. (6) Genioglossus. 

Digastric. It consists of an anterior and a posterior belly and an intermediate 
tendon which connects the two bellies together. The posterior belly arises from the 
digastric notch or fossa behind the mastoid process of the temporal bone and runn- 
ing downwards and forwards it ends into the intermediate tendon. 



Fig. 496. The muscles on the antero-Iatcral regions of the neck. 

The anterior belly arises from the digastric fossa of the mandible and running 
downwards and backwards it ends into the intermediate tendon. The intermediate 
tendon of the digastric muscle pierces through the stylohyoid muscle and fends out 
an aponeurotic fold which is arranged in the form of a loop and connects it with the 
body and greater cornu of the hyoid bone. The inner surface of the loop is occa- 
sionally lined by synovial membrane. 

Nerve supply. The anterior belly is supplied by a branch from the mylohyoid 
nerve while the posterior belly is supplied by a branch from the facial nerve. 
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1 . Structures crossing superficial to the posterior belly of the digastric . 

(i) The anterior division of the posterior facial vein and the anterior facial 
vein after crossing the posterior belly of the digastric unite together to 
form the common facial vein. 

(ii) Great auricular nerve from the cervical plexus. 

(in) Cervical branch of the facial nerve- 

2. Structures crossing deep to the posterior belly of the digastric, 

(i) Internal jugular vein- 

(ii) Internal carotid artery. 

(iii) External carotid artery with its lingual, facial and occipital branches. 

(hr) Vagus, accessory and the hypoglossal nerves. 

Mylohyoid. It is a triangluar muscular sheet which lies deep to the anterior 
belly of the digastric and together with the fellow of its opposite side it fprms the 
floor of the mouth. 

Origin. It arises from the anterior three-fourths of the mylohyoid line on the 
inner surface of the mandible. 

Insertion. Its anterior and middle fibres arc inserted into the median raphe 
whereas its posterior fibres arc inserted into the low er part of the body of the hyoid 
bone below the geniohyoid and above the omohyoid and sternohyoid muscles. 

Relation. The inferior or superjicial surface of the mylohyoid is in relation with 
the skin, superficial fascia, platysma and deep fascia, anterior belly of digastric, 
superficial part of submandibular gland, mylohyoid vessels and nerve and with the 
facial and submental vessels. The superior or deep surface is in relation with the 
lingual and hypoglossal nerves and the submandibular ganglion, the deep portion 
of the submandibular gland and its duct, the sublingual gland and a small part 
of the lingual and sublingual vessels; the hyoglossus, geniohyoid and the styloglos- 
sus muscls lie deep to mylohyoid. 
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Fig. 497. The submandibular region of the neck. The mandible ha* been removed. 

With kind permission : From Callander s Surgical Anatomy. 2nd cd., 1939. : W. B. Saunders 
Company, Philadelphia and London. ^ 

Nerve supply. It is supplied by the mylohyoid branch of the inferior dental nerve. 
Stylohyoid. It has been described under the head “Muscles attached to the 
styloid process”. 
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Hyoglossus. It arises from the whole length of the greater cornu and the 
lateral part of the front of the body of the hyoid bone. 

Its fibres ascend vertically upwards and are inserted into the lateral side of the 
tongue between the styloglossus and the longitudinals linguae inferior. 

Nerve supply. It is supplied by a branch from the hypoglossal nerve. 

Geniohyoid. It arises from the lower genial tubercleson the inner surface 
of the symphysis menti. 

It is inserted into the anterior aspect of the body of the hyoid bone extending 
both above and bclosv the ridge on the anterior aspect of the body. 

Nerve supply. It is supplied by a branch from the hypoglossal nerve. 

Genioglossus. It arises from the upper genial tubercleson theinner surface 
of the symphysis menti of the mandible. 

Its fibres spread in a fan-shaped manner and its upper and middle fibres are 
inserted into the side of the tongue but its lower fibres descend downwards to be 
inserted into the upper border of the body of the hyoid bone. 

Nerve supply. Same as above. 

THE MUSCLES OF MASTICATION 

The muscles of mastication are the following: 

(!) Temporalis. 

(2) Masseter. 

\ (3) Pterygoidcus lateralis. 

' (4) Pterygoideus medialis. 

- Temporal fascia. It is a strong fascia that covers the superficial aspect of 
the temporalis muscle. Above it is attached to the superior temporal line of the 
frontal and parietal bones and to the supramastoid crest of the temporal bone. 
Infcriorly it splits into two layers which are attached to the lateral and medial 
margins of the upper border of the zygomatic arch and thus encloses a space which 
contains a small quantity of fat, the zygomatico-temporal branch of maxillary 
nerve and the zygomatic branch of the superficial temporal artery. 

Superficially in the upper part, it is covered by the orbicularis oculi, auricularis 
anterior and superior and the galea aponeurotica. Posteriorly in front of the 
external acoustic meatus the superficial temporal vessels and the auriculotemporal 
nerve cross this fascia superficially from below upwards. The deep surface of the 
temporal fascia gives origin to some of the fibres of the temporalis muscle. 

Temporalis. It is a large fan-shaped muscle which occupies the temporal 
fossa of the skull and connects the cranium with the mandible. 

Origin. It arises From the whole of the temporal fossa formed by the squamous 
part of the temporal bone, by thegreater wing of the sphenoid above the infratemporal 
crest and by the parietal bone below the inferior temporal line and from the deep 
surface of the temporal fascia. 

Insertion. It forms a thick tendon which passes through the gap medial to 
the zygomatic arch and is inserted into the medial surface, anterior border and the 
apex of the coronoid process and to the anterior border of the ramus of the mandible. 

Nerve supply. It is supplied by the deep temporal branches of the mandibular 
nerve (anterior division). 

Atlion, It elevates the mandible as in closing the mouth. It also retracts it 
after it has been protruded. 

Masseter. It is a quadrilateral-shaped, superficial muscle which extends 
from the zygomatic arch of the cranium to the ramus of the mandible. 
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Origin. It consists of three sets of fibres, superficial, middle and deep. 'I he 
superficial set of fibres arises by aponeurotic fibres from the anterior two-thirds of the 
lower border of the zygomatic arch including the zygomatic process of the maxilla; 
the middle sel arises from the deep surface of the zygomatic arch and from the pos- 
terior-third of its lower border; the deep set of fibres takes origin from the deep 
surface of the zygomatic arch only. 



Insertion. The three sets or fibres blend together anteriorly and descend verti- 
cally downwards and backwards to gain insertion into the lateral surface of the 
ramus and the adjoining portion of the coronoid process of the mandible. 

The superficial set or fibres is attached to the lateral surface of the angle and 
the lower half of the ramus of the mandible; the middle set is attached to the middle 
of the ramus while the deep set of fibres is attached to the upper part of the ramus 
and adjoining portion of the coronoid process of the mandible. 

Xerve supply. It is supplied by the masseteric branches ofthc mandibular nerve. 

Action. It elevates the mandible from the position of opened-up jaws, brings 
the mandibular teeth in oclusion with the maxillary teeth, and in continued 
action, exerts force of compression between them as in clenching the teeth. 

Rita lions. The muscle is covered superfidatlj b> die *lun, platvuna, parotid fascia (paroiuto- 
masseteric fascia), xisorius and die z> gomaticus major muscles; it is overlapped from behind by the 
parotid gland and b crossed transversely by the parotid duct, the zygomatic and the buccal branches 
of the facial nerve and the transverse facial branch of the superficial temporal artery; the accessory 
parotid gland lies over it above die parotid duct, and theparotid lytnph gland bet between it and the 
parotid fascia ; its antero-infcrlor part is crossed by the anterior facial vein. Its ietp surface cover* 
the ramus of the mandible anti the insertion of the temporalis muscle; anteriorly Its deep su riser is 
( ^ . ’ from the buccinator muscle by the sucktorial pad of fat. 
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Pter ygoideus lateralis. In contrast to the other muscles of mastication w inch 
extend vertically, the lateral pterygoid muscle lies essentially in the horizontal plane. 

Origin. Its arises by two heads, upper and lower. The upper head arises 
from the infratemporal surface and infratemporal crest of the greater wing of 
the sphenoid, and the lower head arises from the lateral surface of the lateral ptery- 
goid plate. 


Insertion. The muscle fibres of each head run backwards and laterally and the 
two heads blend together at their insertion. The fibres of the upper head arc 
inserted primarily into the anterior portion of the capsule and the articular disc 
of the temporomandibular joint, and into the upper portion of the neck of ^the 
mandible; the fibres of the lower head are inserted below the fibres of the upper head} 
on the front of the neck of the mandible. 

jV.B . — According to some anatomists (Harpman and Moolward the tendon of fatrrai ntcrygOK 
during embryonic life passes through the temporomandibular join i to the malleus and it is this mint- 
articular portion of the tendon which later on dcs clops tnto the intra-artieular disc. Thus the inser- 
tion oflaieral pterygoid into the disc is self explanatory 


Nerve supply. It is supplied by a branch from the anterior trunk of the mandi- 
bular nerve. 


Action. It depresses the mandible, as in opening the mouth, by drawing the 
condyle and the articular disc forwards; by acting together with the medial 
pterygoid^it moves the mandible from side to side as in chewing; it also 
protrudes the mandible forwards together with the medial pter)goid. 

Relations. The main structures found under cover of deep surface of the lateral 
pterygoid are the m andibular ne rve with its branches and the otic ganglio n, the 
branches from the first and second parts of the maxillary artery, t hCcffor datympa n i 
nerve, the sphenomandibular ligament and the medial pterygoid muscle. Its 
superficial surface is related to the ramus of the mandible, the tendon of the temporalis 
muscle and to a part of the deep surface of the masseter muscle. The lingual nerve 
and the inferior alveolar nerve and vessels descend downwards and forwards from 
its lower border. The masseteric nerve and the deep temporal vessels and nerves 
ascend upwards from its upper margin. The buccinator nerve passes between the 
two heads of the lateral pterygoid muscle and then passes downwards and forwards 
to reach the face. 

The inferior dental nerve arises from the posterior division of the mandibular 
nerve and descends vertically downwards behind the lingua! nerve and accompany- 
ing the inferior dental artery enters the mandibular canal through the mandibular 
foramen. 

The auriculotemporal nerve arises by t \vo roots From the posterior division of the 
mandibular nerve and they embrace the middle meningeal artery before joining to 
form the nerve trunk. 

The chorda tympani branch of the facial nerve descends downwards and forwards 
crossing deep to the roots of the auriculotemporal nerve, middle meningeal artery 
and the inferior dental vessels and nerves, and joins the posterior border of the lingual 
nerve behind the lateral pterygoid muscle. It supplies taste fibres to the anterior 
two-thirds of the tongue and secretomotor fibres to tne sublingual and submandibular 
glands through submandibular ganglion. 

Pterygoideus medialis. Origin. It arises from the medial surface of the 
lateral pterygoid plate of the pterygoid process of the sphenoid and also from the 
grooved surface of the tubercle of the palatine bone. 

Insertion. It is inserted by a thick tendon into the medial surface of the angle 
and the adjoining part of the ramus of the mandible as far as the mandibular 
foramen. 

Nerve supply. It is supplied by a branch from the trunk of the mandibular 
nerve. 

Actions. Its actions arc similar to that of the lateral pter) gotd muscle. 
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MUSCLES ATTACHED TO THE STYLOID PROCESS OF THE 
TEMPORAL BONE 

The muscles attached to the styloid process are (1) the Styloglossus, 
(2) Stylopharyngcus and (3) the Stylohyoid muscle. 



Styloglossus. It is the shortest of the styloid group of muscles and it arises 
from the anterior and lateral aspects of the styloid process close to its apex and from 
the stylomandibular ligament. Its fibres pass downwards and forwards and reach- 
ing the side of the tongue they divide into longitudinal and oblique portions. 
The longitudinal portion ends by blending with the longitudinals linguae inferior in 
front of the hyoglossus while the oblique portion overlaps the hyoglossus muscle and 
ends by decussating with its fibres. 

J Verve supply. It is supplied by the hypoglossal nerve. 

Actions. It draws the tongue upwards and backwards. 

Stylopharyngeus. It arises from the medial side of the styloid process of 
the temporal bone dose to its base. It descends along the side of the pharynx and 
passes between the superior and middle constrictor muscles of the pharynx along 
with the glossopharyngeal nerve. _ Some of its fibres arc lost in the pharyngeal wall 
while majority of the fibres are inserted into the posterior border of the thyroid 
cartilage along with the palatopharyngeus. The glossopharyngeal nerve sands 
round its posterior border near its origin to gain its lateral aspect. 

Nerve supply. It is supplied by a branch from the glossopharyngeal nerve. 

Actions. The stylopharyngcus muscle along with other pharyngeal muscles 
. the larynx upwards behind the hyoid bone during deglutition. 
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Stylohyoid muscle. It arises by a small tendon from the posterior and lateral 
aspects of the styloid process of the temporal bone close to its base and descending 



Fig. 500. The musculature of the tongue, wth the byoglouui largely 
removed. 

With kind pefmiuion : From W. H. Hollmjhcad, Ph D . : Anatomy for Surgeons, 

Vol. I. : Paul B. Hoebcr; New York. 

downwards and forwards, it is inserted into the body of the hyoid bone at its junction 
with the greater comn and just above the omohyoid muscle. Near its insertion it is 
pierced by the tendon of digastric. 

Ntjvc supply. It is supplied by a branch from the facial nerve. 

Actions . Along with other suprahyoid muscles it elevates the hyoid bone and 
the floor of the mouth during deglutition and steadily fixes the hyoid bone 
so as to allow the middle constrictor muscle of the pharynx to work on the 
pharynx. 


THE FASCIAE AND THE DEEP MUSCLES OF THE BACK 

The deep muscles of the back extend from the pelvis to the skull and form the 
complex intrinsic muscles of the trunk. They are enumerated as below: 

Splenius capitis. 

Splcnius cervicis. 

Erector spina e (sacrospinal is). 

Interspinales. * 

Transverse spinalis. . 

Intertransversarii . • 

Muhifidus. ^ 

Rotatores - 
Semispinalis. 

Deep fascia. The deep fascia of the neck is the deep cervical fascia and has 
already been described. The deep fascia of the back is called the thoracolumbar 
fascia or the lumbo-dorsal fascia or the lumbar fascia. 

Thoracolumbar fascia ( Lumbar fascia or Lumbo-dorsal fascia). • It covers the 
deep musdes of the back and is continuous above with the deep fascia of the neck. 
In the thoracic region it is less thick and separates the musdes of the back from the 
muscles of the superior extremity. 
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In the lumbar region it is thick and membranous and consists of three layers— 
anterior, middle and posterior. The anterior layer of the lumbar fascia is comparatively 
thin and covers the quadrattts lumborum muscle from in front. Medially it is 
attached to the anterior surface of the transverse processes of the lumbar vertebrae 
and separates the quadratus lumborum from the psoas major muscle and is conti- 
nuous with the psoas fascia in this situation. Laterally at the lateral border of the 
quadratus lumborum it fuses with the middle layer and then is continuous with the 
transversalis fascia. Superiorly it forms the lateral arcuate ligament and is attached 
to the lower border of the last rib. Inferiorly it is attached to the iliolumbar liga- 
ment and to the adjoining part of the inner lip of the iliac crest. The middle layer 
covers the posterior aspect of the quadratus lumborum and is attached medially 
to the tips of the transverse processes of the lumbar vertebrae. Laterally at the 
lateral border of the quadratus lumborum it blends with the anterior layer and at 
the lateral border of the sacrospinalis it blends with the posterior layer. Superiorly 
it is attached to the lower border of the last rib and the lumbocostal ligament. 
Inferior^ it is attached to the inner lip of the iliac crest. The posterior layer of the 
lumbar fascia is the thickest of all and is membranous in character. Medially it is 
attached to the tips of the spinous processes of the lumbar and sacral vertebrae and 
to the supraspinous ligaments. Laterally at the lateral border of the sacrospinalis 
it fuses with the middle layer. It covers the sacrospinalis muscle posteriorly and 
gains its attachment to the posterior-fourth of the iliac crest lateral to the origin of 
the sacrospinalis muscle. Superiorly it is fused with the fascia covering the latis- 
simus dorsi. 

The posterior and the middle layers fuse together at the lateral border of the 
sacrospinahs and then the two fused lamellae join with the anterior lamella at the 
lateral border of the quadratus lumborum to form a common aponeurosis from which 
the tranjversus abdominis arises. 

"ffplcnlus capitis. It arises from the spines of the upper four dorsal vertebrae, 
ftom the spine of the seventh cervical vertebra and from the lower-half of the liga- 
mentum nuchae. It passes upwards and laterally and is inserted into the mastoid 
process of the temporal bone and to the lateral one-third of the superior 
nuchal line of the occipital bone under cover of the sternomastold muscle. 
Its upper part forms a part of the floor of the posterior triangle being placed 
above the levator scapulae. 

Nerve supply. It is supplied by the lateral branches of the posterior primary 
rami of the fourth and fifth cervical nerves. 

Actions. Acting together they draw the head backwards, and acting singly, 
it causes lateral flexion of the head and also rotates the head slightly medial- 
wards^o that the face is drawn to the same side. 

/ opfenius cervfcis. ft taAes its origin fiom the spines of the (hind ta (he six (h 
-Cervical vertebrae and is inserted into the posterior tubercles of the transverse pro- 
cesses of the first, second Or the third cervical vertebrae and lies under cover of the 
levator scapulae. 

Nerve supply. It is supplied by the lateral branches of the posterior primary' 
rami of the lower cervical nerves. 


Acliops. Same as splenius capitis. 

VSirector spinae (Sacrospinalis). It is a thick muscle that fills up the hollow 
between the vertebral spines and the angles of the rib. It takes its origin from an 
aponeurosis which has an U-sliapcd attachment. Medially its aponeurotic origin 
is attached to the sacral spines and the spines of the lumbar and the eleventh and the 
twelfth thoracic vertebrae and laterally to the transverse tubercles of the sacrum, 
part of the iliac crest and to the sacrotuberous and sacroiliac ligaments. From 
this aponeurotic origin it ascends upwards and is succeeded by’ muscular fibres in 
. the lumbar region and forms a thick mass of muscle fibres. It then splits up into 
'hree groups of muscular bands, the spinalis, the longissimtis and the iliocostoeervicalis. 
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(6) Longissimus cervicis. 

(c) Longissimus capitis. 

Iliocosto-cervicalis (Lateral column of muscle) 

(а) Iliocostalis. 

(б) Costalis. 

(e) Costocervicalis. 



Fig. 502. The donal view of iJie sacrum and coccyx showing muscular and ligamentous attachments. 

Spinalis thoracis. It is the most medial prolongation of the erector spinac 
and lies medial to the longissimus with which it is intimately blended. It arises 
"by three or lour small tendons from the spines of the first anti second lumbar, and 
eleventh and twelfth thoracic vertebrae. From different origins it forms a fleshy 
belly which again splits into tendons which arc inserted into the spines of the upper 
thoracic vertebrae. The deep surface of the muscle is intimately blended with 
sembpinalb thoracis. 

Nerve supply. It is supplied by donal rami of lower thoracic nerves. 

Actions. It is the extensor of the vertebral column. 

Spinalis cervicis. It is an inconstant muscle. It may arise from the lower 
• part of the ligamentum nuchae and from the seventh cervical spine and is inserted 
into the spine of the axis. Both its origin and insertions are variable. 

Nerve supply. It is supplied by dorsal rami of the lower cervical nerves.' 

Actions. Same as {ibovc. 

Spinalis capitis. It is usually inseparably blended with the sembpinalis 
■xcapitb. 
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Longissimus thoracis. It is the largest subdivision of the erector spinae 
and lies between the spinalis group on the medial side and iliocostO'Cervicalis on the 
lateral side. It arises in the lumbar region from the accessory processes and the 
dorsal aspects of the transverse processes of all the lumbar vertebrae and from the 
middle layer of the lumbar fascia. It is inserted in the thoracic region by lateral 
fleshy slips and medial tendinous slips. The lateral fleshy slips arc attached to the 
back of the lower nine or ten ribs between their angles and the tubercles. The 
medial tendinous slips arc attached to the tips of the transverse processes of all the 
thoracic vertebrae. 

Nerve supply. It is supplied by the dorsal rami of the lower thoracic and lumbar 
nerves. 

Actions . It is the extensor and lateral flexor of the vertebral column (Dotsi- 
lumbar region). 

Longissimus cervicis. It relays with longissimus thoracis and commences 
at the medial aspect of the latter. It arises by small tendons from the transverse 
processes of the upper four or five thoracic vertebrae and is inserted by tendinous 
slips into the posterior tubercles of the transverse processes of all the cervical vertebrae 
except the first and the seventh. 

Nerve supply. It is supplied by the dorsal rami of the upper thoracic and cervical 
nerves. 

Actions. It is the extensor and lateral flexor of the cervico-dorsal region of the 
vertebral column. 

Longissimus capitis. It intervenes between the longissimus cervicis and 
the semtspinalis capitis. It arises by tendons from the transverse processes of the 
upper four or five thoracic vertebrae and from the articular pillars of the lower 
three or four cervical vertebrae. It is inserted into the lower border of the mastoid 
process of the temporal bone deep to the sternocleidomastoid and the splenius 
capitis. 

Nerve supply. It is supplied by the dorsal rami of the lower cervical nerves. 

Actions. It extends the head and turns the face to the same side. 

Iliocosto-cervicalis. This forms the most lateral group of the erector spinae. 
It consists of three groups of overlying relays namely iliocostalis lumborum, ilio- 
costalis thoracis and iliocostalis cervicis. 

Iljocostaljs lumborum. It has the same origin as erector spinae and is 
inserted by a flattened tendon into the lower part of the ridge on the angle of the 
lower six or seven ribs. 

Nerve supply. It is supplied by the dorsal rami of the lower thoracic and upper 
lumbar nerves. 

Actions. It is the extensor and lateral flexor of the vertebral column. 

Iliocostalis thoracis. It arises from the upper border of the ridge on the 
angles of the lower six ribs and is inserted into the upper border of the ridge on the 
angles of the upper six ribs and into the back of the transverse process of the seventh 
cervical vertebra. 

Nerve supply. It is supplied by the dorsal rami of the upper thoracic and lower 
cervical nerves. 

Actions. Same as above. 

Iliocostalis cervicis. It takes its origin from the angles of the third to the 
sixth ribs medial to the insertion of the iliocostalis thoracis and gains its insertion 
into the posterior tubercles of the transverse processes of the fourth, fifth and sixth 
cervical vertebra. 

Nerve supply. It is supplied by the dorsal rami of the cervical and thoracic 
spinal nerves. N 
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Act tons. Same as iliocostal is ltimborum. 

Interspinales. They form short muscular fasciculi which are arranged in 
pairs, one on each side of the interspinous ligament stretching between two 
contiguous vertebrae. Each pair is attached to the tip of the spine above and 
connects the tip of the spine below, the interspinous ligament intervening. In 
the cervical region they are well-developed, in the thoracic and lumbar regions they 
arc Jess well-formed. 

In the cervical region there arc six interspinales, the first between the second 
and the third cervical spines and last between the seventh cervical and first thoracic 
spines In the lumbar region there arc four interspinales, the first between the 
first and second lumbar spines, and the last between the fourth and the fifth lumbar 
spines In the thoracic region there may be three interspinales, one between the 
first and the second thoracic spines, one between the second and the third thoracic 
spines and the third between the eleventh and the twelfth thoracic spines. 

-Vene supply . They arc supplied by the dorsal rami of the zonal spinal nerves. 

Actions. They maintain security between two vertebrae and act as postural 
muscles 

Transvcrsospinalis. This forms a group of muscles which extends upwards 
and medially from the transverse processes to the spines of the vertebra above. 
They consist of the following : 

Scmispinalis thoracis. 

Semispinalis cervicis. 

Scmispinalis capitis. 

S this Pina Lis thoracis. It arises b> a series of small tendons which extend from 
the transverse processes of the tenth to the sixth thoracic vertebrae and is inserted by 
tendons into the spines or the upper four thoracic and lower two cervical vertebrae. 

Nerve supply. It is supplied by the dorsal rami of the cervical and thoracic 
nerves 

Actions. It extends the thoracic and cervical parts of the vertebral column and 
cause them to rotate towards the opposite side. 

Semispinalls cervicis. It arises by musculo-tendinous fibres from the 
transverse processes of the upper six thoracic vertebrae and gains its insertion inio 
the spines of fifth to second cervical vertebrae. 

.Verve supply and actions. Same as above. 

Seuispinaus capitis. This is a thick muscle on the back of the neck and 
forms an important landmark in that its fibres are vertical in direction, its medial 
border is free, it is pierced by thegreatcr occipital nerve, h farms a part of the floor 
of the posterior triangle, it roofs in the sub-occipital triangle, it is crossed super- 
ficially and obliquely by the spelnius from above downwards and laterally and that 
both in front and behind, there is an arterial anastomosis. 

It takes Its origin from the transverse processes from the upper thoracic vertebrae 
and from the articular processes of the lower cervical vertebrae. It ascends verti- 
cally upwards and is inserted into the occipital bone between the superior and 
inferior nuchal lines medial to obliquus capitis superior. 

Nerve supply. It is supplied by the posterior primary rami of the upper thoracic 
and cervical nerves. 

Actions. Acting together it extends the head on the trunk; acting singly h 
flexes the head on the same side and rotates it to the opposite side as in 
turning the face sidewards. 

Arterial anastomosis on the seuispinaus capitis. On its dorsal aspect the 
descending branch of the superficial division of the occipital artery anastomoses 
v with the ascending branch of the deep division of the occipital artery and the anasto- 
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mosing loop intervenes between the semispinalh capitis ct cervicis. The above 
anastomosis establishes collateral circulation between the external carotid and the 
subclavian arteries. 

Intertransversarll. As the 
name implies the in ter transver- 
sal i muscles extend between the 
transverse processes of two ad- 
jacent vertebrae. They arc well- 
developed in the cervical and 
lumbar regions but less so in the 
thoracic region. 

In the cervical region there 
are seven intertransversarii mus- 
cles and cadi extends between 
the transverse processes of two 
adjacent vertebrae commencing 
from the transverse process of the 
first cervical to the transverse pro* 
cess of the first thoracic vertebrae. 

In this region each muscle consists 
of anterior and posterior slips 
demarcated by the passage of the 
ventral ramus of the cervical spinal 
nerve which intervenes between 
the two. The posterior intertrans- 
yerse muscle is further divisible 
into medial and lateral portions; 
the medial portions arc supplied by the dorsal rami while the lateral portions are 
supplied by the ventral rami of the cervical spinal nerves. 

In the thoracic region there arc only three inter transverse muscles which remain 
unsplit to form single muscles and the first extends between the transverse processes 
of the tenth and eleventh thoracic vertebrae and the last between the twelfth thoracic 
and the first lumbar vertebrae. 

In the lumbar region these muscles are also well-developed and each muscle 
consists of two parts, medial and lateral. The medial mtertransverse muscle 
extends from the accessory process of one vertebra with the mamillary process of the 
succeeding vertebra. Each lateral mtertransverse muscle extends between the costal 
elements of two adjacent vertebrae and also extends from the accessary process to 
the transverse process. 

J'fene supply . The mtertransverse muscles of the thoracic region, the medial 
mtertransverse muscles of the lumbar region and the medial parts of the posterior 
intertransverse muscles arc supplied by the dorsal rami of the zonal spinal nerves 
while the others are supplied by the ventral rami. 

Actions . They act in association with the long muscles and are concerned in 
steadying the vertebrae during the movement of the vertebral column as a whole. 

Maltifldus, It is a thick, strong muscle which consists of numerous musculo- 
tendinous fasciculi and extends from the sacral region to the level of the second 
} cervical spine and fills up the gutter between the spines and the transverse ^processes. 

In the sacral region it arises from the walls of the cave produced by the origin of the 
erector spinae, from the dorsal sacroiliac ligaments and from the medial surface t>f 
the posterior superior iliac spine. In the lumbar region it arises from the mamil- 
lary processes, in the thoracic region from the dorsal aspects of all the transverse 
processes and in the cervical region, it arises from the articular pillars of the lower 
four cervical vertebrae. The musculo-tendinous fasciculi pass upwards and medially 
and arc inserted into the spine or spines of the vertebrae above in the following ways: 

* The longer superficial fasciculi from its origin from a particular vertebra ascend 
33 
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Contents. 

(а) Third part of the vertebral artery. ) 

(б) Vertebral vein. £ Contents of the floor. 

(c) Sub-occipital nerve. ) 

(d) Greater occipital nerve — crosses the infero-medial angle. 

ObHquus capitis superior. It is triangular in shape •with its base directed 
upwards and the apex downwards. It takes origin by its apex from the upper 
surface of the transverse process of the atlas and passing upwards, backwards and 
laterally it is inserted into the occipital bone in between the superior and inferior 
nuchal lines lateral to the semispinalis capitis. 

Actions . It flexes the head backwards and sidewards. 

Obliquus capitis inferior. It arises from the lateral aspect of the spine of 
the axis and running upwards, forwards and laterally it is inserted into the posterior 
inferior part of the transverse process of the atlas. 

Action. It rotates the head to the same side. 

Rectus capitis posterior major. It arises from the spine of the second 
cervical vertebra and is inserted into the occipital bone into the inferior nuchal line 
in its lateral part and to the bone below it. 

Actions. It extends the head on the 
trunk and rotates it to the same side. 

Rectus capitis posterior minor. It 
takes its origin by a pointed tendon from 
the tubercle on the posterior arch of the 
atlas (spinous tubercle) and ascending up- 
wards it is inserted into the medial part of 
the inferior nuchal line and to the portion of 
the bone below it. 

Nerve supply of the sub-occipital muscles. 

AIl the sub-occipital muscles, namely, obli- 
quus capitis superior, obliquus capitis infe- 
rior and the rectus capitis posterior major 
et minor are supplied by the sub-occipital or 
the first cervical nerve through its posterior 
ramus. 

Action. It extends the head backwards. 

SCALENEI MUSCLES 

Scalenus anterior muscle. The 
scalenus anterior muscle lies deeply at the 
side of the neck and arises from the anterior 
tubercles of the tra nsverse procc saes-of-thc 

third, fourth, fifth -sixth 

brae a nd the muscular f ibres descend down- 
war ds to the root~~of~ the neck .where they 
for m a"smaU tendon which is inserted int o 
the scalene tuber cle on the inner bord_s r_of 
theT fr5TTlb'yria~3lso into the, ridge In n— the. 
uppersurface'of' the rib. 

Relations, 

Anteriorly. 

1. The suprascapular vessels cross it transversely behind the clavicle. 

2. The transverse cervical vessels cross it transversely in its upper part. 



Surgeons : Paul B. Hoebcr; I.N.C., 
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3. The ascending cervical branch of the inferior thyroid artery ascends 
upwards in front of it close to its origin and separates it from the Jongus 
capitis muscle. 

4. The phrenic nerve crosses it obliquely from lateral to medial side. 

5. It is covered by the prevertcbral layer of the deep cervical fascia and is 
overlapped medially by the sternomastoid and the carotid sheath. 

6. Its lower part lies under cover of the clavicle and the subdavius muscle. 

7. The subclavian vein crosses it transversely just before its termination. 

Posteriorly. 

1 . The subclavian artery crosses from medial to lateral side. 

2. The scalenus medius muscle is separated from it by the nerves of the 
brachial plexus. 

Medially and inferior ly. 

1 . Medially and infcriorlv it b separated from the lower oblique part of the 
longus ccrvicb muscle by a triangular gap, the scaleno-crrtebral triangle, 
which contains the vertebral artery with its vein, inferior thyroid 
‘ artery, sympathetic trunk, inferior cervical ganglion, and on the left side, 
the thoracic duct in addition- 



rig. 50G. Some relation! in front of the scalenus anterior 
muscle on the left side. 

With kind permission s From W. H. Holhmhead, Ph.D. : Anatomy 
for Surgeons : Paul B. Hoeber; 1 N.C., New York. 

Nerve supply. It b supplied by branches of the anterior primary rami of the 
fourth, fifth and the sixth cervical nerves. 

Scalenus medius. It arises from the front of the posterior tubercles of the 
transverse processes of the lower six cervical vertebrae and descending downwards 
it is inserted into the upper surface of the first rib between its tuberde and the groove 
for the subclavian artery. 

, Nerve supply. It b supplied by the anterior primary rami of the cervical nerves. 

Scalenus posterior. It is the smallest and the deepest of all the scaleni 
muscles and it arise from the posterior tuberde of the fourth, fifth and sixth cervical 
vertebrae. It forms a delicate tendon which is inserted into the outer surface of the 
second rib behind the tuberde for the attachment of the serratus anterior muscle. 

Nerve supply. It is supplied by anterior primary rami of sixth, seventh and 
eighth cervical nerves. 

Actions of Scolenei. Acting from below they arc lateral flexor of the neck to the 
same side, acting from above they elevate the rib or ribs to which they arc inserted. 
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The prcvertebral muscles occupy the prevcrtebral region of the neck and are 
covered by the prevcrtebral layer of the deep cervical fascia. The following structures 
will be found in the prcvertebral region. 

1. Prcvertebral muscles. 

(a) Longm capitis. 

( b ) Longus cervicis. 

(c) Rectus capitis anterior. 

( d ) Rectus capitis lateralis. 

2. Cervical nen’es. 

3. Vertebral artery. 

Longus capitis. It arises from the anterior tubercles of the second, third, 
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fourth and fifth cervical vertebrae and its fibres ascend upwards to be inserted into 
the basilar part of the occipital bone on either side of the pharyngeal tubercle. 

Actions. It causes flexion of the head and the neck and it also causes rotation of 
both the head and the neck. 

Nerve supply. It is supplied by branches from the anterior primary rami of the 
first, second and the third cervical nerves. 

Longns colli (cervicis). It consists of upper and lower oblique portions 
and an intermediate vertical portion. 

The upper oblique portion arises from the anterior tubercles of the third, fourth 
and the fifth cervical vertebrae and ascending upwards and medially is inserted on 
the anterolateral part of the anterior tubercle of the atlas. 

The lower oblique portion arises from the sides of the bodies of the upper two or 
three thoracic vertebrae and ascending upwards and laterally is inserted on the 
anterior tubercles of the transverse processes of the fifth and sixth cervical 
vertebrae. 

The intermediate vertical part arises from the bodies of the lower cervical and 
upper thoracic vertebrae on either side of the median plane and ascending verti- 
cally upwards is inserted into the bodies of the upper cervical vertebrae. Its lateral 
margin is blended with the upper and lower oblique portions. 

Actions. Same as longus capitis. 

J Verve supply . It is supplied by the anterior primary rami of the third, fourth, 
fifth, sixth, seventh and eighth cervical nerves. 

Rectus capitis anterior. It is a short muscle and arises from the front of the 
lateral mass of the atlas and is inserted into the basilar part of the occipital bone 
just in front of the anterior end of the occipital condyle. 

Action. It is the flexor of the head. 

Nerve supply. It is supplied by the branches from the loop of communication 
between the first and the second cervical nerves. 

Rectus, capitis lateralis. It does not belong to the prevertebral group of 
muscles but it will be convenient to deal with this muscle along with the prevertebral 
group of muscles. 

It arises from the upper surface of the transverse process of the atlas and ascend* 
ing vertically upwards is inserted into the inferior surface of the jugular process of 
the occipital bone. 

Action. It flexes the head sidewards. 

Nerve supply. Same as above. 

SUPERIOR EXTREMITY 
THE MUSCLES AND FASCIAE OF PECTORAL REGION 

. Superficial fascia. This is the general investing fascia containing fat in this 
region and lies immediately beneath the skin. Just beneath it there lies the deep 
fascia which is membranous in character and closely invests the pcctoralis major 
muscle. The superficial fascia of the neck, which contains some thin muscle fibres 
in this region. (platysma) and the superficial fascia of the abdomen below, are con- 
tinuous with it. It is adherent to the skin at different places and sends out several 
deep processes which enclose the mammary gland in case of female. The processes 
that connect it with the skin and the fibrous septa that enclose the different lobes 
of the mammary gland together constitute the suspensory ligament of the breast or the 
ligament of Cooper. The cutaneous vessels and nerves ramify in the superficial fascia. 

Deep fascia. The deep fascia of the pectoral region is known as the pectoral 
'iiscia and covers the same muscle. It is attached above to the clavicle and is ... 
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into ”** “* ‘ he ClaViSll3r 
origin of the deltoid muscles. , ,l,e clavicular origin of the pecto- 

Sgumfor?. It is hounded tilow iX jj, bythe clavicular origin of the deltoid 

- a—« 

“ndthe superficial and the deep fasciae. 

(3) Delto-pectoral lymph gland. which COV ers the front 

clavicle^Ci’l^'l’lt^^’^^^^^'and'the^odj^onhe^wiiulm, ^^^^Ye^rhe 

of thttsecon^uTthe^rixtl^rilwand^from^h^anterior inter costal^inem^r^nes^ 

abdominal portion takes its origin \ 

abdominis. . . fl .,. t endonabout2mcheslonBwhichisimerted 

Insertion. The muscle ^{".^““theintertubercular .ulcus of the humerus 
into the lateral lip of the bicipi & . 

as follows: f horizontally lateralwards land form a distinct 

The clavicular fibres pass almost homo from the rest of the muscle 

V • I, rpmains separated, in niosi . .. lateral lip of the bicipital groove, 

Sso M to £ nvo lameiue.«hicharc,nsermd r & consist- 

Thm the tendon of insertion of the pccto The anterior lamella is 

) big of anterior, intermediate andpos frQm the manubrium jrtrnii form the 
i SLj hv the clavicular fibres, i n e 1 .. . thc an tenor lamella while the rest 

•ntS^edLc lamdla which is insc . rte , d l C r « forrn thc posterior lamella which turns 
stemo C -£al and the ^££'a”£ends P on the lateral lip on a high^ 
upwards behind the intermedmt lid finally becomes continuous with he capsule 
level than the preceding fibrB and tm J . nscrlion of u,c sterno-costal and abdo- 
of the shoulder joint. 1 bus appearance, the shorter limb of the hoolc rr- 

.. minal fibres resembles a ‘“'•'X ,n rehttion to the anterior lamella formed by ■ 

I , presents the intermediate lamella 

t ' 
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clavicular fibres and longer limb of the hook representing the posterior lamella. 
Due to this twisting of the stemo-costai and abdominal fibres the lowest fibres of 
origin gain highest position in insertion. Three fibrous expansions pass from the 
tendon of insertion — one roofs in the int€rtubercular sulcus, one covers the floor 
of the intertubercular sulcus and the third is continuous with the capsule of the. 
shoulder joint. 



Nerve supply. It is supplied by lateral and medial pectoral nerves (C 5 to 8, Tl). 

Actions. It is the flexor, adductor and the medial rotator of the shoulder joint. 
When the arms arc fixed its sternocostal fibres act as a clintbing muscle by 
drawing the trunk upwards and forwards. The sternocostal head is a powerful 
adjuventin extension of the shoulder when it is extended against resistance. 

Clavi-peetoral fascia The clavi-pcctoral fascia is a membranous sheet 
of fascia which extends from the cartilage of the first rib medially to the coracoid 
laterally and bridges over the triangular interval between the inferior 
irface of the clavicle above and the pectoralis minor muscle below. 
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Attachment and distribution: 

Laterally it is attached to the root of the coracoid process of the scapula. 

Medially it is attached to the first rib and is continuous with the fascia covering 
the first and second intercostal spaces. 

Superiorly it splits into two lamellae which enclose the subclavius muscle and 
arc fixed to the margins of the subclavian groove on the inferior surface ofthc clavicle, 
the deep lamella being continuous with the deep cervical fascia. 

Infer’torly it splits to enclose the pectoralis minor muscle and at the lower border 
of the same the two layers reunite to form a single layer which unites with the 
pectoral fascia and then is continuous with the axillary fascia forming the suspensory 
ligament of the axilla. 

Characteristic feature. It is not uniform in its character throughout the entire 
extent. Thus the upper part of the fascia immediately below the subclavius muscle 
and extending from the cartilage of the first rib to the root of the coiacoid process 
of the scapula is very thick and strong and is known as the coxto-coracoid ligament. At 
a lower level it is very thin and delicate. 

Relation. It is covered superficially by the clavicular fibres of the pectoralis 
major. Deep to it are the first portion of the axillary artery and the axillary vein 
and the cords of the brachial plexus of nerves. It is pierced by the (1) Cephalic 
vein, (2) the ccromtolftoractc vessels, (3) the lateral pectoral nerve and (4) the lymphatics 
from the upper and inner quadrant of the breast. 

- The acromio-thoracic artery, immediately after piercing it, divides into clavi- 
cular, pectoral, deltoid and the acromial branches which spread out in all directions over 
this membrane to reach their destination. The medial pectoral nerve passes deep 
to the membrane to reach the pectoralis minor muscle and then piercing this muscle 
enters into the pectoralis major. 


yfJ3 . — Any collection or pus in between the pectoralis major and the pectoralis minor or the 
collection of pus superficial to the clavipectoral fascia tends to gravitate downwards and laterally and 
point along the anterior fold of the axilla because it is in this situation that the clavi-pectoral fascia 
blends with the pectoral fascia and unless the clavipectoral fascia u destroyed it cannot point in the 
axilla. It may also point along the intermuscular furrow between the deltoid and the pectoralis major. 

Collection of pus beneath the clavi-bectoral fascia may take the course as follows: Taking the course 
of the clavi-pectoral fascia it may pass into the axilla under the axillary fascia and poml :n (he axilla. 
The pus cannot go posteriorly because the serratus anterior is inserted into the vertebral border of the 
scapula. Its progress anteriorly is prevented by the clavi-pectoral fascia. It cannot go medially 
because of the thoracic wall. If early drainage is not performed throueh the axilla the pus may follow 
the axillary and the subclavian tesself and may point in the neck under the deep crnical fascia. Taking 
the course ofthc latter it may pass down into the mediastinum of the thoracic cavity. The pits may 
however take the course of axillary vessels and the nerves downwards into the arm 


Pectoralis minor. It is a small fiat triangular muscle which lies beneath 
the pectoralis 'major and connects the upper part of the trunk with the coracoid 
process of the scapula. It is also derived from the upper limb myotome and is a 
member of the outermost layer of the three primitive sheets of musculature of the 
body wall. 

Origin It arises from the outer surface of the third, fourth and the fifth ribs 
close to their costal cartilages and from the fascia covering the external intercostal 
muscle. 


Insertion. It is inserted into the medial border and upper surface of the coracoid 
process of the scapula. \f 

Hern supply#, It is supplied by the medial and lateral pectoral nerves (C 7 and 
8, T 1). / \ 

Actions. Acting with the levator scapular and rhomboids it depresses the point 
ofthc shoulder. It is one of the inspiratory muscles and elevates the upper ribs 
when the arm is fixed. 


Subclavius. It is a small elongated muscle which lies horizontally underneath 
the clavicle, lienee the name subclavius, and connects the trunk with the clavicle. 
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Origin. It arises by tendinous fibres from the upper surface of the first rib 
and the adjoining portion of the first costa! cartilage and passes horizontally lateral- 
wards towards its insertion. 

Insertm. It is inserted by fleshy fibres into the subclavian groove on the 
inferior surface of the middle two-thirds of the clavicle. 

AVrw supply. It is supplied by the “nerve to the subclavius" a branch from 
the upper trunk of the brachial plexus (C 5 and 6). 

Action. When the first rib is fixed it depresses the clavicle and draws it inwards 
and thus fixes the sternal end of the clavicle at the sternoclavicular joint. When 
the shoulder girdle is fixed it assists forced inspiration by elevating the first rib. 

BACK 

The region of the back falls partly under the domain of the superior extremity 
and partly under the head and neck and in treating this the students of the superior 
extremity must work in conjunction with the students of the head and neck. 



Fig. 509._ The muscles of the back and upper arm (teen from behind) in a muscular body 
in actnc Contraction. “Dmm Srcc" Mono tosh Roy is seen in this poise. 
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Superficial fascia. The superficial fascia of the back forms the general investing 
fascia beneath the skin and is specially thickened in this region, ft is continuous 
with the superficial fascia of the adjoining regions and contains fat in its meshes. 

Deep fascia. It is a dense, membranous (aver of fascia w iuch covers the muscles 
of the back and is continuous above with the deep fascia of the neck. Below it is 
attached to the iliac crest. Medially, in the thoracic and lumbar regions, it is 
attached to the vertebral spines and to the supraspinous ligaments. 

Laterally, in the thoracic region, it is attached to the spine and the acromion 
of the scapula. 

Trapezius. It is a flat, large, triangular and most superficial muscle in the 
back region and its wide base corresponds to the median plane while its apex 
converges towards the point of the shoulder. When the two trapezius muscles, 
one on each side, are seen together they resemble a geometrical trapezium in form 
and hcncc the muscle gets its name “trapezius”. 

Origin. It arises from the external occipital protuberance, from the medial 
one-third of the superior nuchal line, from the ligamentum nuchae, from the spines 
of the seventh cervical and all the thoracic vertebrae and from the supraspinous 
ligaments. 

Insertion. Its upper fibres descend doxvnwards and laterally and are inserted 
into the posterior border of the lateral one-third of the clavicle; the lower fibres pass 
upwards and laterally, form a tendon which glides over the smooth triangular area 
at the root of the spine of the scapula and is inserted into the tubercle lateral to the 
apex of the smooth triangular area. The middle fibres pass transversely and are 
inserted into the medial margin of the acromion and the upper lip of the spine of 
the scapula. 

Kitts supply. It is supplied by the accessory nerve •'spinal root) and by the 
branches from the third and fourth cervical nerves. The accessory nerve is the 
true motor nerve and the cervical nerves are proprioceptive for the trapezius. 
These nerves enter the deep surface of muscle and traverse through the posterior 
triangle en route to trapezius. 

Action. When the head is fixed, the trapezius, acting with the levator scapulae, 
raises the scapula and the point of the shoulder.. Acting with the. rhomboids, it 
draw's the scapula towards median plane; acting with serratus anterior,, it rotates 
the scapula in a forward direction and thus enables the arm to be raised above 
the shoulder; acting together, they draw the head and the neck backwards; acting 
singly, it draws the neck to the same side. 

Larissunas dors!. It is a large, triangular, flat and a superficial muscle on 
the back which is characterized by its extensive origin and narrow and thin tendon 
of insertion. As it is roughly triangular in shape it has a base, an apex and two 
borders, upper and lateral. Its base corresponds to its origin from the vertebral 
spines while its apex corresponds to its tendon of insertion. 

Origin. The muscle takes its principal origin by its base and can be divisible 
into upper, mid dl e an d lower fibres . The upper fibres take origin by tendinous fibres 
from the spines or the lower six thoracic vertebrae and the corresponding supra- 
spinous ligaments beneath the trapezius; its lower and middle fibres are aponeurotic 
and take their origin from the posterior lamella of the lumbar fascia and through 
this, the muscle is connected with the spines of all the lumbar and the sacral vertebrae 
and the iliac crest; by its lateral border it arises by tendinous fibres from the posterior 
part of the outer lip Df the iliac crest lateral to the origin of the sacrospinalis and by 
fleshy slips, interdigitating with external oblique, from the outer surface of the lower 
three or four ribs; its upper border sometimes gains some slips of origin from the 
dorsal aspect of the inferior angle or the scapula. 

Insertion. From the extensive origin the muscle fibres pass in different directions, 
the upper fibres passing transversely, the middle fibres obliquely upwards, and 
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the lower fibres vertically upwards. All these fibres converge to a ribbon-like flat 
tendon which is inserted into the bottom of the intertubercular sulcus of the humer- 
us. Its tendon of insertion is from 1 \ inches to 2 inches in breadth and is as thin as a 
paper and extends to a higher level than the insertion of teres major muscle. The 
tendon of insertion is twisted upon itself so that the fibres which are lowest at its origin 
arc highest at their insertion and the surfaces of the muscle, that is, anterior and 
posterior, arc reversed at the insertion of the tendon. In its course upwards and 
laterally it winds round the teres major muscle and forms a greater part of the 
posterior axillary fold. 



Nerve supply. It is supplied by the nerve tothe latissimus dorsi, a branch from 
the posterior cord of the brachial plexus and derives its fibres from the sixth, seventh 
and eighth cervical nerves. 

Actions. Acting from below it draws the humerus backwards (extensor of the 
shoulder joint). When the arm is abducted it draws it to the side of the chest wall 
and rotates it medially (adductor and medial rotator of the shoulder joint) ; if the 
arms arc fixed above the head, it draws the trunk upwards and forwards as in climb* 
, ing; acting from above it draws the lower ribs upwards and helps in forced expiration 
' s .and other violent expiratory efforts such as coughing and sneezing. 
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Triangle of auscultation. It is a triangular space bounded above by the 
lateral border of the trapezius, below by the upper border of the latissimus dorsi 



and laterally by the vertebral border of the scapula; its floor is formed by the seventh 
rib and the sixth and seventh intercostal spaces which are covered in this situation 
by a fascial sheet which connects the latissimus dorsi and the rhomboids. The 
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Deltoid. It is a thick, triangular muhipennate muscle which covers the 
shoulder joint from In front, behind, above and from the lateral side, thus giving a 
rounded contour to the shoulder. 

Origin. Its origin may be divided into three portions as anterior or clavicular, 
middle or acromial and a posterior or spinous portion. The anterior or clavicular 
portion arises from the anterior border and the adjoining upper surface of the lateral 
onc-third of ihc clavicle; the acromial or middle portion arises from the lateral margin 
and the adjoining upper surface of the acromion; and the posterior or spinous portion 
arises from the lower lip of the crest of the spine of the scapula as far as the triangular 
area at the apex of the spine and fiom the fascia of the infraspinatus muscle. 

Insertion. For the different origins the fibres converge to a thick tendon which 
is inserted into the *‘V’ ’-shaped impression on the upper part of the antcro-lateral 
surface of the shaft of the humerus. 

Structurally the deltoid muscle consists of very coarse fibres, particularly in its 
middle or acromial portion. Its anterior portion consists of parallel fibres whereas 
its most posterior portion has a membranous origin, fibres from which converge 
to the tendon of insertion. The fibres of its middle portion are arranged like a 
muhipennate muscle. The muscle fibres in this portion are obliquely arranged like 
that of several bi-pennate muscles housed together; usually four intramuscular septa 
descend from the lateral margin of the acromion, and from the walls of two adjacent 
septa the muscle fibres pass obliquely like a bi-pennate muscle to converge to an 
intermediate tendinous septum ascending upwards from the tendon of insertion. 
Thus there arc three ascending septa each of which nscends upwards to intervene 
between two adjacent descending septa from the acromion. This penniform arrange- 
ment adds great strength to the muscle (middle portion), for it has to work against 
gravity to lift up the arm. £ faMVlAU 

.Verve supply. It is supplied by t he circumflex nerve . (G 5 and G) from the poste- 
rior cord of the brachial plexus. - ^ 

Relation. The deltoid muscle in its course to its insertion is spread out over the 
gicatcr tuberosity of the humerus and thus forms the rounded prominence of the 
shoulder. It is superficial in its entire extent and is covered by the skin, superficial 
fascia and the deep fascia. Anteriorly it is separated from the pcctoralis major by 
a groove which contains the cephalic vein anil the deltoid branch of the acromio- 
thoracic artery. When the deltoid muscle is rcllectcd its deep surface, is found 
to be related with the following structures: 

(i) Coracoid process of the scapula together with the structures associated 
with it, namely conjoined tendon of origin of coracobrachial is and the 
short head of the biceps brachi, peetoralis minor and the coraeo- 
acroinial ligament. 

fit) The greater and lesser tuberosity of the humerus and the structures 
attached to them, that is, the tendon of supraspinatus, infraspinatus, teres 
minor and the subscapularis. The tendinous fibres from these muscles 
form a continuous sheet of tendinous cufT which fuses with the capsular 
ligament of the shoulder joint and separates the ligament from the 
deltoid. 

(in) Vessels, (a) The anterior humeral and the posterior humeral circumflex 
arteries cross the corresponding aspect of the surgical neck of the humerus 
and anastomose with each other. 

(4) The ascending branch of the anterior humeral circumflex artery 
ascends upwards in the bicipital groove. 

(it>) .Verve, (a) The circumflex nerve accompanies the posterior humeral 
circumflex artery and divides into anterior and posterior branches. 
The anterior branch supplies the anterior part of the deltoid while the 
posterior division supplies a twig to the teres minor and then pierces 
the posterior part of the deltoid. 
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(o) Other structures, (a) Subacromial bursa. It lies beneath the acromion 
process and intervenes between it and the supraspinatus tendon. 

(6) Upper part of the anterolateral aspect of the shaft of the humerus. 

Action. It is the abductor, flexor, extensor, and lateral and medial rotators of 
the shoulder joint. The deltoid works either in part or in whole to execute the 
above functions. 

Acting with the pectoralis major its anterior fibres act as the flexor and medial 
rotator of the arm. Acting with the latissimus dorsi and the teres major its posterior 
fibres act as the extensor and lateral rotator of the arm. While working as a whole 
it is the true abductor of the shoulder joint. While abducting die arm it works 
jointly with "the supraspinatus muscle and during this movement its anterior and 
posterior fibres work from the front and behind respectively so as to steady the 
humerus in its plane of movement and its middle fibres together with the supra- 
spinatus work vigourously to raise the arm against gravity away from the trunk up 
to the level of the shoulder. Raising of the arm above the^ shoulder to bring the 
arm in line with the head is a movement of the shoulder girdle and is caused by 
serratus anterior and the trapezius; the deltoid and the supraspinatus now work 
as fixators. 

Supraspinatus. It is a triangular muscle which occupies the supraspinous 
fossa of the scapula — hence the name ‘supraspinatus’ and lies under cover of the 
trapezius muscle. 

Origin . It arises from the medial two-thirds of the supraspinous fossa, from the 
adjoining part of the upper surface of the spine and from the fascia supraspinous. 

Insertion. From its origin the muscle passes laterally beneath the acromio- 
clavicular ligament and converges to a tendon which passes over the capsular liga- 
S4 
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mcnt of the shoulder joint and is inserted to the highest of the three impressions on 
the greater tuberosity of the humerus. As it passes over the capsular ligament it is 
intimately adherent to the same and is separated from the undersurface of the aero- 
mion by the subacromial bursa. 

j Verve supply. It is supplied by the suprascapular nerve (C. 5, f>). 

\ fiction. Acting with deltoid it abducts the arm to bring it in line with the 
shoulder. It also helps in stabilising the head of the humerus in all other movements 
of the shoulder joint. 

N.B , — With every movement of abduction within an arc of movement varying from GO® to 120“ 
die supraspinaius tendon comes in contact with the undersurface of the acromion and there is friction 
between the two, and in order to minimise the friction, the sub-acromial bursa intcncncs between 
them. With the advancing age, specially with those who have to undergo hard manual labour, this 
sub-acromial bursa undergoes attridon which exposes the supraspinatux tendon to injury in the form 
of repeated frictions with cser> mo\ ement of abduction. Repeated trauma in the form of friction leads 
to degenerative tendinitis of the supraspmatus tendon which becomes softned and slightest trauma 
may cause complete rupture of the same Calcification supervenes in the degenerated tendon and the 
degenerative changes may spread to the neighbouring tendons and the capsular ligament of the shoulder 
joint. In supraspmatus tendinitis there is a painful arc in the movement of abduction which ranges 
from GO’ to 120’ and outside this range there is total relief of pain, that is, when supraspinntus tendon 
undergoes fnetion with the acromion there is pain and when it recedes from the same there is relief 
of pam Moreover, there is a local tender spot opposite the top of the greater tuberosity of the humerus- 
In rupture of the supraspmatus tendon there is complete loss of the movement of abduction and this 
explains that the movement of abduction is carried out b> the conjoined action of the deltoid and the 
supraspmatus and none of them can act singly to effect the movement- 



Teres Major. It arisesfrom theoval muscular impression on thedorsal aspect 
of the scapula above the inferior angle and adjoining the axillary border and from the 
intermuscular septa between it and the teres minor, and between than and the 
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infraspinatus. It forms a flattened muscular belly which ascends upwards and 
laterally and forms a tendon which is inserted into the medial lip of the bicipital 
groove. Its tendon of insertion is overlapped by the tendon of the Iatissimus dorsi 
with which it is blended. 

Nerve supply. It is supplied by a branch from the lower subscapular nerve 
(G. 5 and 6). 

Actions. Its main action is to adduct the arm. Together with the Iatissimus 
dorsi it extends the arm. It also helps in stabilising the head of the humerus during 
various movements of the arm. 

Triangular and quadrangular spaces. The teres major muscle, as it inclines upwards 
and laterally from the dorsal aspect of the scapula, encloses a triangular area between 
the scapula and the humerus ; the long head of the triceps which descends down- 
wards and laterally from the infraglenoid tuberosity subdivides this triangular gap 
into a quadrilateral and a triangular area. The long head of the triceps in its course 
downwards and laterally passes behind the teres major and in front of the teres 
minor. It joins the medial head of the triceps in the upper part of the arm at an 



Tig. 515. The quadrangular and the triangular spaces on the right side. Seen from behind. 
From the dissection hall, N. R. Sircar Medical College, Cal ; vdth the kind pemmion from the 
Prof, of Anatomy. 

angle and encloses a triangular space between it and the shaft of the humerus below 
the lower border of the teres major. Thus two triangular areas are formed in this 
situation, the former is known as the upper triangular area and the latter is known as the 
loner triangular area. 
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Quadrangular or Quadrilateral Space. It is bounded above and in from 
by the subscapularis, and above and behind by the teres minor, below by the teres 
major, laterally by the surgical neck of the humerus and medially by the long head 
of the triceps. The posterior humeral circumflex vessels and the circumflex ncnc 
traverse this space. 

Upper Triangular Space. It is bounded above by the teres minor, below by the 
teres major and laterally by the long head of the triceps. It contains the scapular 
circumflex vessels. 

Lower Triangular Space. It is bounded above by the tercs major and the Iatis- 
smuts dorsi, laterally by the shaft of the humerus and medially by the long head of 
the triceps. The radial nerve and the profunda vessels as they pass .to the back of 
the arm will be found in this space and also a portion of the brachial artery will be 
viewed from this window. 



Fig. 516. The muscular attachments on the ventral aspect of the right scapula. 


Subscapularis. It is a large triangular muscle which occupies the costal 
surface or the sub-scapular fossa of the scapula — hence the name subscapularis, and 
fronts the greater part of the posterior wall of the axilla. 

Origin. It takes its origin from the medial two-thirds of the subscapular fossa 
including the vertical grooved area adjoining the axillary border of the scapula, from 
the intramuscular tendons attached to the ridges in the subscapular fossa and from 
the intermuscular septum between it and the long head of the triceps brachii and the 
teres major. 

Insertion. From its origin the muscle fibres converge to its tendon which passes 
laterally through a shallow groove on the ventral aspect of the neck of the scapula 
from which it is separated by a bursa communicating with the shoulder joint. It is 
'•inserted into the lesser tuberosity and to the capsule of the shoulder joint by tendinous 
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fibres and into the anterior part of the humerus below the lesser tuberosity by fleshy 
fibres. The attachment of fleshy fibres extends for about an inch and lies under 
cover of the common tendon of coracobrachialis and the short head of the biceps 
brachli. 

Relation. Anteriorly, towards the vertebral border of the scapula, its lower por- 
tion is overlapped by the serratus anterior whereas opposite its insertion, it is crossed 
by the common tendon of coracobrachialis and the short head of the biceps brachii, 
and medial to the coracobrachialis, it is crossed by the branches from the cords of 
the brachial plexus of nerves and the axillary and the subscapular vessels. Its poste- 
rior surface is in relation to the subscapular fossa, neck of the scapula and the cap- 
sular ligament of the shoulder joint. Its lower border comes into contact rvith the 
teres major and the latissimus dorsi. 

Nerve supply. It is supplied by upper and lower subscapular neives (C. 5 and 6) 
from the posterior cord of the brachial plexus . 

Infraspinatus. It arises from the medial 2/3 of the infraspinous fossa of the 
scapula and from the infraspinous fascia. It soon forms a tendon which passes across 
the posterior part of the capsular ligament of the shoulder joint and is inserted into 
the greater tubercle of the humerus in between the supraspinatus and teres minor. 

Nerve supply. It is suppliedjby the suprascapular nerve. 



Fig. 517. The muscular attachments on the dorsal aspect of the right scapula. 


Actions. In association with the teres minor it acts as a lateral rotator of the am. 
Moreover, along with the other muscles of the shoulder joint (Supraspinatus, teres 
minor, subscapularis) it helps in stabilising the head of the humerus against the 
glenoid cavity in all movements of the shoulder joint. 

Teres minor. It arises from the axillary border of the scapula adjoining the 
dorsal surface between the infraglcnoid tuberosity and the teres major and also 
from the intermuscular septum between it and the infraspinatus and the teres major. 
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It is inserted into the lowest of the three impressions of the greater tubercle of the 
humerus and to a small extent to the adjoining surface of the shaft of the hitmens. 
Its tendon of insertion lies on the posterior aspect of the capsular ligament with which 
it is blended. 

Nerve supply . It is supplied by a branch from the posterior division of the cir- 
cumflex nerve (C. 5). 

Action. It is the lateral rotator of the arm, and when the arm is abducted at 
right angle to the trunk, together with the pectoralis major, it draws the arm hori- 
zontally forwards. It is also an adductor and helps in stabilising the head of the 
humerus in other movements of the shoulder joint. 

FRONT OF THE ARM 

The most conspicuous feature of the front of the arm is the fusiform muscular 
prominence caused by the biceps brachii. On either side of the biceps is a 
vertical groove which marks the position of the intermuscular septa (lateral and 
medial) and each is occupied by a vein, that on the medial side lodges the basilic 
vein, brachial artery and the median nerve and that on the lateral side lodges the 
cephalic vein. The muscular prominence behind the proximal half of the medial 
margin of the biceps in an abducted arm is caused by the coracobrachialis. 

Deep fascia of the arm. The deep fascia of the arm is a tough membranous 
fascia which invests the muscles of the arm. It consists mainly of transverse fibres 
being thinner in from and thicker behind. On either side it gives out an inter- 
muscular septum which separates the flexors from the extensor muscles. The lateral 
intermuscular septum is attached to the lateral supracondylar line and to the lateral 
border up to the insertion of the deltoid. It is pierced by the radial nerve and by the 
anterior descending branch of arteria profunda brachii. The medial intermuscular 
septum is attached to the medial supracondvlar line and to the medial margin as far 
as the insertion of the coracobrachialis. At its proximal end it is pierced by the 
ulnar nerve and the ulnar collateral artery and close to the elbow joint bv the poste- 
rior branch of supratrochlear artery. Superiorly the deep fascia is continuous with 
the axillary fascia and the fascia covering the pectorals major and the deltoid. 
Infcriorly it is thickned in front of the elbow joint and receives an expansion from the 
bicipital aponeurosis and is continuous with the antebrachial fascia. On the medial 
side, opposite the middle of the arm, the deep fascia is pierced by the basilic vein and 
the medial cutaneous nerve of the arm and of the forearm. From the above distri- 
bution it is evident that the deep fascia together with the lateral and the medial 
intermuscular septa converts the arm into two osseo-aponeurotic compartments, 
anterior and posterior. The anterior osseo-aponeurotic 'compartment contains the flexor 
muscles while the posterior osseo-aponeurotic compartment lodges the extensor 
muscles. 

Muscles of the front of the arm — 

Coracobrachialis; Itjs a band-like muscle which extends from the tip of the 
Toracoid prd?STto the brachiu m.or the arm and hence it is named ‘ coracobrachia lis’. 
Although functionally unimportant it has interesting morphological and anatomical 
importance. . 

Origin. It arises from the tip of the coracoid process of the scapula in common 
with the tendinous short head of the biceps brachii and lies on the medial side of the 
latter tendon; It also arises by fleshy fibres from the medial aspect of the upper part 
of the common tendinous origin,.- 

Insertion. From its origin it passes downwards in front of the subscapularis 
muscle to reach the arm and is inserted into the mcdiahAordcr of the humerus 
opposite the middle of the arm. Its insertion covers an area about one and a half 
..inches in length and intervenes between the medial head of the triceps behind and the 
' " ” in front. v 
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Biceps brachii. It is a long spindle-shaped muscle occupying the wh ole cf 
jheJiottf-oLthc arm. It has be rnis'o named because it has tv.'o^lic ad s^nfor ifiin, a 
long anti a short head 


Origin, i h e long head begins as an el on gated t en don winch arises fro m the 
^npraglenokl tuE errie above the t ipnfrxpdTiOfeglg noid cavity of The s cal?ula~arid 
f rom the adjoi ning pah of the glen oidal labrum; its tendon of or igin Kin g in tra- 
capsu lar yiT traverses throu g h - t he shoulder j oint b ciiig invaginatccTby tlie synovi al 
membrane ^ncLcomcs out «ifihcjojnt througfijBc jipemng jnjh c capsularligam cnt 
above the intertn bcrc ular sulcus; an d carrying a synovial sheath, it passcs tfirotigli 

Ihe sulctislollic^ proxima l 



part of the arm where Jt_ 
glyBTrise to a n tfo ngatecT 
m uscul ar belly and soon 
join s wro ng short HcacT" 
The jriort head a rises by 
a thic kened tenefon-from 
the tip orTffe“cbracdid 
^processjdnTIe ^ scapiila i n 
common with the cor a- 
cobraciialis. It is s uc- 
ceed ed b y arPelong ated 
muscular "belly' " whi ch 
joins’ with" the* muscular 
bellyTrotn ihc-longTTead 
and the two bellie s lorro 
a fusiform musclcl 


Insertion, Immediate- 
ly ab ove _ lhfc._jclhQW._ft 
forms a flat tcnefc jgndpn 
wliich^HipsjntQjlifufiuhi- 
taTTossa _jtnd .is. inserted 
imSst he^ posterior _f ough 
portiofi' ot the^ radial^ 


t uherosity being jeparat- 

e d fron t its anterior 

Smooth - ” portion by a 
bursa. As the tc ndoP 
dips down to be ins erted , 
i t is twistecf~on itselOo- 
Vm A Va 

fdots^ latefahv|ard sjuxd-al- 
I his jioint o~f~ t wistingjt 
send s out an apoacurptic 
ex pansion to the antebra - 


chial fascia - " to form the 
bicipitaL____aponeuiosis 
vTH TclT roofs injhe-cubijab- 
(pssa and ^e parates ^tbe^ 
JjracKTaTartery trom^lhe 
median cu bital vein. T h£— 
a nte n dr portio n oF jjjS - — . 
tendon receives J 

, . . . . from tlielliorfKeacrwhnc-- 

its posterior portion receives fibres from the long head.'" — — 

* Nerve supply. It is supplied by a branch from the musculocutaneous nerve 
s and oj. ^ 
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Actions. I 1 isjipou-erfiilgiipinatqr ofdic forearm prhcn j fae elbow is ben t. It 
ajso flexes the eIjio\^}oint andiJQli^TOlLcMcnt, the shoulder joint. Itmakcsth e 
antejjpi^IiiaLiasdajcnsc thtougl uhe^ htcinital aponeuro sis. The long head of the 


uiccgs ucmg passed thro ug h the 5Hoi;Uler_} p;m and thejntertu bercnl ar s ulcus hd ps 
{ ° ret ain the head pHlic Htt mcru s inlTicj^nt cavity. Itac^Ttkc iUever in reducing 
a dislocatcdlTiQuItlcrldih t^. " “ 

Somc'imcs a third head exists, whichanscs from the shaft of the humerus from the upper 
and medi al p art of the DratlilaltiTntMclc.witlfwIiich it is blended andls Inserted into the hiclpifal'apo- 
n curodfa im the m edial Part of its tendon. ----- - - — 

Bra chi alls. It covers the, l o wer half of the front of the humerus and for ms 
the floor of the cnhltanossa'opposite tHFTend of fh<re]Em vjbint , ' 

Origin. It arises fr om Jh c-lowcr half of the anterolateral and -anteromedial 



Fig, 520. The antcro-medial aspect of left arm to show die third head of biceps bradui with 
its nerve supply. From the dissection halt, N. R. Sircar Medical College, Cal ; with kind per* 
mission from the Prof- ot Anatomy. 

Insertion. Ifs jjhrre converg e to aflat tendon which covers the front of thedbo w 
join t where it is adherent to" the c'a puslardjsgmerit and is in s erted into th e ulna^-_ 
tu bferosity of thcHororibld processor fh e^ulria. 

J{erve supply. I ts medial half is supplied by a branch from the musculocutaneous 
nerve (C.'S&nd6) while it s lateral part is supplied b y a b ranch from the radial 
nerve (CL 7)^*-. ^ . ~ ~ . 

The double nerve supply of th e muscle is an indication about its c omposite 
character dew]nprr}mtfi] )y- In t he foet al Hmb it conslstiT o f two pdrtions,^one 
Occupies The_flexgr_compactmen t and the other occupies Jhe, extensor compartment 
and consequently_ the _t\vo portio ns derive their^necvo-supply-from two di fferent 
sources (thaT^Kich occupies -theTIexotLcompaument isjupphed by the nerve oflhe 
same compartment and the oth er in the extenso r compartment is supplied by the 
nerve of lhe^s5ine-rompartB5enf)T 

Action^Xt flexes the elbow joint in approximating the forearm to the arm. 

BACK OF THE ARM 

The rounded muscular prominence on the back of the arm is caused by the 
three heads of the triceps brachii muscle which lies within the posterior osseo-fascial 
compartment formed by the posterior surface of the body of the humerus and the 


HUMAN ANATOMY 


lateral and the medial intermuscular septa and the deep fascia. The only super- 
ficial structures found in this region arc the three cutaneous' taerves, namely, the 

posterior cutaneous nerve of 
the arm, lower lateral cutane- 
ous nerve of the arm and the 
posterior cutaneous nerve of 
the forearm. 

Triceps bra chit. The 
triceps brachii is so named 
(tri — three, ceps =s heads) 
because it has three heads of 
origin — long or scapular'' head, 
lateral and medial heads or 
humeral^hcads. • 

Origiirr The long head or 
the scapular head arises by a 
tendon from the ydfragfeno td 
tubercle of the sea puli blending 
with the 'capsular ligament of 
the ltumcrus and lorms a mus- 
cular belly "u HTch desc ends 
downwaids 'between the teres 
major and tercsminorafidjoins 
the postering n^rro fllEejncdial 
head ancf'th c tendon of inser- 
tion. ^ 

The lateral head arises 
from a rirfgc on the posterior 
surface of the humerus and 
extends from below the Jeres 
minor to the spiral groove. ( It 
forms a muscular ujelly which 
joins the anterior part of the 
medial head and its tendon of 
insertion. In its course down- 
wards it bridges across the 
spiral groove and covers the 
radial nerve and the profunda 
vessels. . 

The medial head arises 
from .the posteriq^tfurfacc of 
the humerus below the .sjyra! 
grpove. It also arises from the 
back of the lateral and medial 
intermuscular septa. 

Insertion. _ Its tendon of 
insertion begins as two apo- 
neurotic lamellae which beg ,n 
opposite the middle of the arm- 
The superficial lamella cover? 
the back of the lower part of 
the medial head, the deep 
lamella being, placed at the 
deeper plane in the substance^ 
' . . of tnc medial head/ The two* 

amtuae unite to form a tendon above the elbow joint and is* inserted into 
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posterior part of the top of the oIccrarKfu'pr ocrss of the ulna and into the antebrachial 
fascia that carets the anconeus musclT. 

„Yi 'tvc supply. It is supplied by the radial nerve by three branches {C. G,7 and 0). 
Actions. It is the ex- 
tensor of the dhou* joint. Its 
long head is a synergist to' / 
tire adductors of the shoulder 
joint. 


*fjl . — During Kteision of tb«/ 
elbow joint the attachment of lhd 
triceps to the iniebmebUI fascia 
should l»e preserved becawtj 

even after excision of the elbow 
joint the triceps is still nbte to set 
on the forearm through this fascial 
cnnnrr. lion. Division of this fascial 
connection will lead to Ion cl 
function of the triceps completely. I 

Snbanconeus. It is the' 
name given to a few fibres.- 
which spring from the deep- 
surface of the lower part of'* 
the triceps and arc inserted** 
into the posterior part of the'' 
articular capsule of the- 
elbow joint. ^ 

FRONT OF THE 
FOREARM 

The front of the forearm 
begins from the line joining 
the two rpirondylcs.-of-thc 
humerus to the front of the 
wrist joint, 'i h c~up pcr^TKTrd 
o f the Iront'o fjh cJbrcann is 
mainly occupied by tHc 'cuIjT- 
lal 'iWSS^and'lias^alrcady 
beeirdwcHbear 
“'Xhe structures compos- 
ing t hcTron ror the forearm 
are arranged in_ six layers 
and from beforebacWards 
the y •~aftnlnraldn7~stip er li5a l 
fascia, ^dcepljascia^liupexi- 
ficia l layer o f flexor museIcs-_ 
and IKelirac h ldrajr aljSjdeep^. 
layer of fle xor m uscles, 

and"B55?D^hembranous layer . . .. _ 

(v<nET5!BKl^rniT51Hi^Hrra<)iiB and the interosseous membrane connecting 
the two nones). The cutaneous veins tin 6 the nerves lie m the superficial fascia. 
The deep vessels of the forearm ‘arc ulnar and radial arteries with their branches 
and the deep nerves are the ulnar and median nerves with their branches and 
the radial nerve. 

Deep fascia of the forearm or the antebrachial fascia. The deep fascia 
of the forearm is strong and membraneous and invests the muscles of the forearm. 
Its fibres arc mainly transverse and partly oblique in direction. u ™- * wl * 



Fiff. 522. The poitcro-hieraJ aspect of right arm to show 
the three heads of triceps, braehialis, bracliio-radiaUs, 
extensor carpi radialis longus and some 
of the scapular muscles. 

From the dissection hall, N. R. Sircar Medical College, 
Cal; with kind permission from the Prof, of Anatomy. 


It is more thick 
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and strong posteriorly and is attached proximally to the epicondyles or the humerus 
and to the margins of the triangular surface on the back of the olecranon process. 
Posteriorly it receives expansions from the tendon of insertion of the triceps whereas 
anteriorly the expansions Horn the biceps form the bicipital aponeurosis. In the 


LATUSMUS DOSS! 



back of the forearm it is attached to the whole length of the posterior border of the 
ulna. Below and anteriorly it is continuous with the flexor retinaculum and below 
and posteriorly it b thickened to form the extensor retinaculum. 

Superficial layer of the flexor muscles. The superficial layer of muscles 
consists of brachloradialis, pronator teres, flexor carpi radialis, paunaris lemgus, 
flexor digitorum superficialis (subhrms) and the flexor carpi ubiaris. 
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The brachioradialis fonns the most late r al -Omsck-an the u p per part of the 
f orearm where it forms alnuscular belly and bou nd s the cubital fo5sa~o nTj^~7atcr3 1 
gjdeT.Dffcaxging alo ngjb e' lateral sld^ f thelorcarm it f orms-A^tendon in the 
*QV£grj7art gf.thejprear m and pa sses t o its point of jnsertionT” 

MUSCULOCUTANEOUS NERVE 



Tig. 524. A transverse section of the lower-third of the right arm. With tind permission from 
Lcderfe Laboratories — drawn by Mr, Paul Peel. 

The pronator teres passes obliquely from medial to the late rafsicfe jgjhejniddlc 
of the shaft of the radXusjvhilt the_rest_pf the stiper?[ciaOlexors dg sc cnd vertica lly 
downwards to theTr insertion and they are fleshy abo ve and tendinous h doi^XThe 
supcrficIaTflexor znuscWsjiClJic_vpper-ihir^oTlIiQ forearmfirom }a {erpXlPJ h e med ial 
side, are_thc pronato r ter es, fl exor carpi radiaiis, pal ntarisJrjp^/s^fexorfigltorymji/perficifiis 
(sublimis) ana tfieJU'xor carpi ulnar ti. Above the wrist joint, from lateraltol hc 
m edial side,lfigrfrre~flexor caf^Tradiajt s. paimans Jongns, fle xor digiionim 
superficial^ (sttblimis) anti the flexor carprumans. 

Functional Classification of the muscles of the front of the forearm — 

(1) Flexors of the elbow joint — 

i a) Brachial is.'*/ 

£>) Biceps bracnii\/ 
e) Brachioradialis. 

(2) Supinators of the forearm — 

{a) Supinator. 

( b ) Biceps brachii. 

(e) Brachioradialis.^/ 

(3) Pronators of the forearm — 

{a\ Pronator teres. 

( b ) Pronator cmadratus,^/ 

(c) Brachioradialis.^ 
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Fig. 525. The front of the left forearm. 

7 rom fne tujsccuon 'na2i, tt. Simr Medical College, Cal ; vtVfii Yne 
kind permiwwn from the Prof, of Anatomy. 


(4) Flexors of Ike u-risl joint (Prime mover) — 
(a) Flexor carpi radialis. 

(i) Flexor carpi ulnaris. 

(e) Palmaris longus. 


Synergists — _ . 

(a) Flexor digitorum superficialis>- 

(b) Flexor digitorum profundus; — - 

(<) Flexor pollicis longusi__- 


(5) Flexors of the digits — 

(a) Flexor digitorum superfidalis. V'-" 
{£) Flexor digitorum profumluf,^— 
h) Flexor pollids longus. 
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Flexor of the elbow joint — 

(a) Biceps brachit — See Front of the arm. 

(h) Bmchialis — Sec front of the arm. 

(e) Brachioradialis. 

Brachioradialis. I t is_t hc-tnost_snperficiaI mu scle on the lateral side of 
the forea rm. tUid forms. a. fleshy belly in t hg—tip per- h alf of the_foreami whj lc_ its 
lo wer half for m s a flattened te ndon. ~ 

Origin. I t arises fron yjhe upper two-thirds of the lateral supracondylar lin e 
of the humerus amQrom the atjj omm?~piirt_of t he anterior aspect of "t'E elateral 
in t^ rmuscul 3rjept tim.~ltsllcsn v r fellv^m-crla ps the r ad ial artery a n d the radiaTncrv’e 
i n the upper forearm , ~aru? 7n~ the" lou'CcJxrm ZJ n jhc int ermuscul a c_furro w_ betw een 
i t a ntlt he c xl c~mor ca rpi ra djajis longtu o n the iatcra Uidc. gnd.thc brachialis on th e 
nydi al^idc.J JicT cJi cs t h c a n a s i o hi os i s Formed by thejadial rccu rrcn tlmftjlie ante 2 
rior descending branch~oT7hc~art cria p rofunda brachij. Jn the lower forearm the 
ratHal'aiTtTylics'on its medial side antTradiaT nerve passes backwards by crossing 
the deep aspect of its tendon. Its lower end is crossed by the tendons of abductor 
pollicis longxis et extensor poUicis brevis. 

. Insertion. It is inserted into the tubercle at the base of the styloid process of 
the radius at the junction of its lateral and anterior aspects. 

Actions. It is a weak flexor of the elbow joint and acts best when the forearm 
is in midpronc position. While the forearm is fully pronaied it gets the leverage 
to supinate the forearm to the neutral position and similarly, while the forearm 
is lully supinaicd it aids pronation to the neutral position (W, H. Hollinshead), 

1A r em supply. It is supplied by a branch from the radial nerve and receives its 
fibres from fifth and sixth cervical nerves. 

The brachioradialis, though a flexor of the elbow joint, gets its inervation 
from the radial nerve which is a nerve of the extensor muscles. 

Supinators of the forearm — 

(а) Biceps braehii. See front of the arm. 

(б) Supinator. It lies in the lateral part of the floor of the cubital fossa and 
covers the lateral, anterior and the posterior aspects of the upper-third of the radius. 

Origin. It consists of superficial tendinous and deep muscular fibres and arises 
from the lateral cpicorMyle of the humerus, from the lateral ligament of the elbow 
joint, from the annular ligament and from the supinator crest of the ulna and the 
grooved area in front ofit. 

Insertion. It is inserted into the lateral aspect of the upper-thiYd of the radius 
and reaches as low as the insertion of the pronator teres. 

The posterior interosseous branch of the radial nerve passes between its super- 
ficial and deep set of fibres to the back of the forearm. 

Nerve supply . It is supplied by the posterior interosseous branch of (he radial 
nerve (C. 5 and 6) by two branches— one before the nerve passes through it and the 
other while it passes through the muscle. 

Pronators of the forearm — 

The pronator muscles by their action cause the forearm to turn backwards. 

(n) Pronator teres. It consists of two heads, humeral and ulnar, which join 
together and passes obliquely from medial to the lateral side across the upper-third 
of the forearm. . 

Origin. The humeral head arises from the medial supracondylar ridge, from 
the medial cpicondyle along with the common flexor tendon, from the intennuscular 
septum between it and the flexor carpi radialis and from the antebrachial fascia. 
The ulnar head, which is more deeply placed, arises from the medial margin of the 
Vforonoid process of the ulna below the origin of the flexor digitorum superficialis 
and joins the humeral head at an acute angle. 
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Insertion. The muscle crosses the upper part of the forearm obliquely and ends 
in a flat tendon which is inserted into a rough ridge on the middle of the lateral surface 
of the shaft of the i adius, 



Fi£. 526. The front of the right forearm with the removal of palmarii 
longu* and flexor carpi radial is. 

From the dissection hall, N. R, Sircar Medical College, Cal; with the 
kind permission from the Prof, of Anatomy. 

The median nerve passes in between the two heads of the muscle and is separated 
from the ulnar artery by the deep or the ulnar head . The muscle in its course down- 
wards and laterally froira the medial boundary' of a traingular interval in front of 
the elbow joint, the cubital fossa. 



THE MUSCULAR SYSTEM OR THE MYOLOGY 


545 


J Verve supply . It is supplied by a branch from the median nerve (C. 6 and 7). 
The branch usually arises in front of the elbow joint but sometimes it may arise from 
the lower part of the arm. 

(b) Pronator quadratus. It is a quadrilateral-shaped muscle situated deeply 
in front of the lower part of the forearm. 

Origin. It arises from the oblique ridge on the lower part of the anterior surface 
of the body of the ulna, from the medial part of the anterior surface of the shaft of 
the ulna adjoining the oblique ridge and from the strong aponeurosis which covers 
the medial one-third of the muscle. The fibrrs consist of superficial and deep 
fibres. 

Insertion . The superficial fibres pass downwards and laterally and are inserted 
into the anterior border and the anterior surface of the lower one-fourth of the radius. 

The deep fibres are inserted in the triangular depression above the ulnar notch 
of the radius. 

Nerve supply. It is supplied by the anterior interosseous branch of the median 
nerve (C. 6 and 7). 


ULNAR ARTERY' 
ULNAR NERVE 


TENDONS Of FLEXOI 
OIGITORUH PROFUNOI 


TENDON OF EXTENSOR DlClTl MINIMI 


TENDONS OF FLEXOR DIGITORUrt SUPERFICIAL1S tSUBLIMIS) 

TENDON OF PALMARlS IONGUS 
MED'AN NERVE 

, TENDON OF HEXOR CARPI RADI MIS 
TENDON OF FLEXOR POILICIS IONGUS 
RADIAL ARTERY 
,-PRONATOR QUADRATUS 



TENDON OF EXTENSOR tNOiCIS } 

TENDON OF EXTENSOR DlGITORUM 


TENDON OF EXTENSOR CARPI RADIALIS BREVIS 
TENDON Of EXTENSOR POLUOS IONGUS 


Fig. 527. A transverse scclion of the lower-fourth of the right forearm. With kind permittion 
from Lederle Laboratories — drawn by Mr. Paul Peck. 


Flexors of the wrist joint — 

(a) Flexor carpi radiaUs. Origin. It lies on the medial side of the pronator 
teres and arises from the medial cpicondyJe of the humerus in common with the 
other flexor muscles and from the deep surface of the antebrachial fascia. It forms 
a fusiform muscular belly which soon ends in a tendon. 

Insertion. It passes in between the superficial and the deep portions of the 
flexor retinaculum and lies in a groove of the trapezium and is inserted into the 
volar aspect of the b ase of the second amL lhc t h i r d- m ri a ca tpal J in nes. 

Nerve supply, ft is supplied by a branch from the median nerve (C. 6 and 7). 

Actions. In addition to flexion it also abducts the wrist joint. 

(5) Palmaris longas. Origin. It arises from the medial eplcondylc of the 
humerus in common with the other flexor muscles and from the deep surface of 
35 
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the antebrachial fascia. It forms a short fusiform muscular belly which soon ends 
in a tendon and lies on the medial side of the flexor carpi radialis. 

Truer lion. Its tendon crosses 
in front of the flexor retinaculum 
and is inserted into its distal part 
and into the apex of the central 
part of the palmar aponeurosis. 

Nerve supply. It is supplied 
by a branch from (he median 
nerve ((Ml). ' 

Flexor carpi ulnaris. 
Origin. It arises by two heads — 
humeral head and ulnar head and 
lies on the most medial part of 
the front of the forearm. 'The 
humeral head arises from the 
medial epicondyle of the huraervs 
in common with the other flexor 
muscles. Tire ulnar head arises 
from the medial margin of the 
olecranon process of the ulna and 
from the upper two-thirds of the 
posterior border of the ulna by an 
aponeurosis in common with flexor 
digitorum profundus and extensor 
and flexor carpi ulnarb and from 
the intermuscular septum between 
it and the flexor digitorum super- 
ficialis. 

Insertion. It forms a tendon 
which is inserted into the volar 
aspect of the pisiform bone and 
into the flexor retinaculum and by 
its tendinous expansion into the 
hamate (piso-hamate ligament) 
and into the fifth metacarpal bone 
(pisometacarpal ligament). 

Nerve supply. It is supplied 
by a branch from the ulnar nerve 
(C. BandT. I). 

Actions. In addition to flexion 
of the wrist joint it is a powerful 
adductor of the wrist joint. 

s / Flexors of the digits — 

(o) Flexor digitorum 
superficially (subllmls). It is 
the largest of all the superficial 
group of the flexor muscles in the 
lorearm. 

Origin. It arises by two 
„ heads — humeto-ulnar and radial. 

1 ht humero-ulnar head arises from the medial epicondyle of the huraermin a common 
tendon with other flexor muscles, from the anterior part of the medial ligament of 
the elbow joint, from the intermuscular septum between it and the other flexor muscles. 




THE MUSCULAR SYSTEM OR THE MYOLOGY 54? 

r .1 ,j:_i of the coronoid process of the ulna immediately above 

from the medial Ml Ltf arte from the oblique line of the 
°" B 'u j ^ r -tf. of the radius as far as the insertion of the pronator teres, 
rotet^uniteotetr" form a muscu.ar be!.y trhieh soon divides mm 


HUMERAL HEAD- 
OF PRONATOR TERES 


ANTERIOR 

INTEROSSEOUS NERVE- 


COMMON TENDON OF 
tRIGIN OF SUPERFICIAL 
FLEXOR MUSCLES (CUTi 
ULNAR HEAD OF 
PRONATOR TERES 
BRANCH TO FLEXOR DIGITORUM 
PROFUNDUS FROM ULNAR NERVE 
ANCHTO FLEXOR CARPI 
FROM ULNAR NERVE 


BRANCH TO FLEXOR POLLIClS 
LONGUS FROM MEDIAN 
NERVE 


FLEXOR CARPI ULNARIS 
ULNAR NERVI 
ULNAR ARTERY 



FLEXOR DIGITORUM PROFUNDUS 


PALMAR CUTANEOUS 
■BRANCH OF MEDIAN 

NERVE 


POLLIClS LONGUS _ Uic wpcr . 

Kg. 529. the Trent of the faSmSj C^e, Cal; an* *e k " vl 

From the disKCtion balI^N. IL ^ r ^ prof of An atomy. . . 

permission trom d’al head of origin joins 

strata of muscle fibres^.f^ £?5*h - 

the superficial stratum an stratum 3lso divides ' pass beneath 

middle and ring fingers. The S* fingers. These tour tendon p 
in tendons for the little and the index nng 
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the flexor retinaculum, being arranged in pahs, and as they pass through the palm 
of the hand they diverge from each other and the superficial ones pass towards 
the middle and ring fingers and deep ones pass to the little and index fingers. 

Insertion. Opposite the base of the proximal phalanx of the medial four fingers 
each tendon splits into two slips to transmit the tendon of flexor digitorum profundus; ( 
the slips or the split tendon partially icunite behind the tendon of flexor digitorum 
profundus by decussating fibres to form a shallow bed for the profundus tendon and 
finally divides into two slips which arc inserted into the sides of the middle phalanx. 

jVtrve supply. It is supplied by a branch from the median nerve (C. 7 and 8,' 
and T. 1). 

Actions. It is the flexor of the middle phalanges and in continued action, it, 
also flexes the proximal phalanges and the wrist joint. 

( b ) Flexor digitorum profundus. It is a broad thick muscle which ii 
situated on the ulnar side of the forearm deep to the superficial group of the flexor 
muscles. 1 

Origin. It takes its origin by fleshy fibres from the upper three-fourths of the 
anterior and medial surfaces of the shaft of the ulna, from the medial surface of the 
olecranon process of the ulna, from the upper three-fourths of the posterior border 
of the ulna by an aponeurosis in common with the flexor and extensor carpi ulnaris 
and also from the medial half of the upper three-fourths of the anterior surface of 
the interosseous membrane. 

Insertion. The muscle ends in four tendons which pass beneath the flexor 
retinaculum and the flexor digitorum superficial!*; the tendon for the index finger 
separates from the rest in the forearm while the other three tendons separate out 
distally and diverge from each other. As they pass in the palm of the hand opposite 
the base of the proximal phalanges of the media! four fingers, each tendon passes 
through the gap in the tendon of the flexor digitorum superficialis. It is inserted 
into the base of the distal phalanx of the index, middle, ring and the little fingers. 

In the palm of the hand four lumbrical muscles are associated with the tendons 
of the flexor digitorum profundus. The first two lumbricals arc imipennate muscles . 
and take their origin from the radial side of the tendon for the index and middle 
fingers. The third and the fourth lumbricals arc bipennate muscles and take thier 
origin from the contiguous sides of the tendon for the third and fourth and the 
fourth and fifth fingers respectively. 

jVerie supply. Its lateral half is supplied by the median nerve and its medial 
half by the ulnar nerve (C. 7, 8 and T. 1). The fleshy belly with its tendons and 
. the lumbricals associated with the same tendons, have the same nerve supply. 

Actions. Flexor digitorum profundus flexes the distal phalanges of the index, 
middle, ring and the little fingers. In continued action it flexes the middle and 
proximal phalanges and the wrist joint. It is antagonistic to the action of m c 
lumbricals and the interossei muscles which are extensors of the distal phalanges. ; 
It is a strong gripping muscle and acts best when the wrist is extended. ’/ 

Flexor retinaculum of the hand. It is a thickened band of fibres resembling ' 
an ordinary postagestamp which stretches across the front of the cancavity formed by 
the articulated carpal bones. Thus an osscomembranous tunnel is formed through , 
which flexor tendons of the digits and the median nerve enter into the hand. It « 
derived from the deep fascia of the forearm. As it is square-shaped it presents two , 
surfaces and four borders. 

Attachment. Medially its medial border is attached to the pisiform bone and the 
hook of the hamate bone. Laterally its lateral border splits up into two lamellae— 
Superficial and deep. The superficial lamella is attached to the tubercle or the sca- 
phoid bone and to the ridge on the trapezium while the deep lamella is attached to , 
the medial lip of the groove on the trapezium. 
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The superficial and the deep lamellae by their atta£hmerit-t(>4hc-icapczium 
form a_t tmnel which is lin ed by a_gyaoyi al sheath and tra ns mit* the flexor raw j 
rad imts tendon Z-^ ^cr, its Upper border is rontinuous~mtfi the antebrachial fasci a 
and belo w, it gives orig i n to abd uctor pollicis brevis, opponem pollicis and the flexor 
pollicis^Jfcvis on the lateral sideband- to abductor digiti minimi, opponens digit! 



oi anterior tnrermseouj vokii ana ncmc. 

From the dtneclion haft, N. R. Sircar Medical College, Cal; 
>\ith the land permission from the Professor of Anatomy. 


iimi and the flexor digiti minimi on the medial side. In between the attach- 
nts of the short muscles of the little finger and thumb it give s attachmen t to the 
ac of the central triangular portion of the palnjanaponcurosis. 

Relations. Superficially St is crossed by the ulnar nerve, ulnar artery, palmar 
aneous branch of the ulnar nerve, palmarls longus tendon and the palmar cum- 
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ncous branch of the median nerve in order, from medial to the lateral side. The 
flexor carpi ulnaris muscle gams the insertion of sonic of its fibreTontlic medial 
side. Ajkaflsgd^hicEcn e d portion of "the an tebracliiaT fascia covers _thc ulnar 
-ws sels and nerves on the medial side m front of the flexor retina cidu nTai^rtemc d 


the superficial part of the flexor retinaculum. Deep to 

pplIic jrioiiRtis muscle cnslieathed~by the synovIaT 


the flexor rctinaculumjhc flexor 


mdSTpart of th g^carpartunncl and occur 
tcnflonsj)l'jEe tlexorj 


, - membra ne occupies the la teral- 
jng the rest of the carpal~tuhncrafe the 


— _dlghorum sup e rncTalts a mOcgsTLdigJtorum profundus muscles, 

the lormerpasstng in TronToffhc Iatj gL. Ikyin g in a recess form ed _by thete ndons of 
tn e flex or digi torumsugcrficia lis et profundus on the medial side is the median nerve. 
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PALM OF THE HAND 


General arrangements. The palm of the hand is the executive unit of the superior 
extremity and its unique function, the function of grasping or gripping an object, 
proves the existence of the superior extremity as a grasping organ. It forms a 
quadrilateral surface, from the distal end or which the digits or the fingers extend 
an { [ they, form the adjustable instruments for gripping. Of the five fingers the 
third or the middle one is the longest or all, the fourth or the ring finger, the index, 
the little and the thumb come next in order of their length. The skin-fold between 
he lingers is known as the web between the fingers, which froms the most dependent 
part of the palmar spaces. v 

.9? a £ c . ncra l v ' c ™ ‘he palm of the hand forms a central hollow with bilateral 
® minences. The lateral muscular prominence, known as the thenar eminence, 
by t lC underlying thrce shor ‘ muscI « of ‘he thumb, namely, the abductor 
m«S,? rCV1S * - thc fle - XO , r polIlcis brcvis and the opponens pollicis. The medial 
S" „ srrsr? as lhe eminence and is formed by thc three 

dirid SSfilf J V!*!? ltllc fm S cr » namely, thc abductor digiti minimi, the flexor 
bv S JT , hc °PP° n f ns digit, minimi. The hollow of the palm is occupied 

rabHm ”el p "fSnk“°. te '"' d ° n5 ’ ' h ' fi "° r ^ dig! “ (rlc ™ r dlsimum 

lavcn‘nfft£l?r ^ "tt 1 a •'ansverse section is made across thc palm sot 


of thf ^*V* C *»wvaras can be seen, namely, the superficial fascia 

interosscom * ° f r he tllc aw '™i’ interosseous fascia, the posterior 

fascia ofX d„ I f ? c ' a of thc dorsum ° r <•>» hand and the superficial 

thl skin 1“'" f lhe hand ' Thc ‘“PWficml fascia or the palm is blerafed with 
sum is aim dlme.T, b 't ‘"Y 1 a j'P ara «' entity- The superficial fescia on the dor- 
sum is also difficult to be reflected separately owing to its extreme thinness. 

T>-,1 . 


— ...... v>»an^ iimj cxircmc uuuiicw. 

paln^of UiMiT>?d 0 ^ e ^ r08 ^ S *’ P a . ,mar aponeurosis is the deep fascia of the 
the^iuscl« rf Si C ° nS ? a tb,n k,cra . 1 and a medial portion which covers 
which covers the «n l ?.?..f. 1 |ij?[E?!.^ Cna u em ‘ n . e . nccs » and a thick central portion, 


which rover* the e fc r “ypothenar eminences, and a thick central portion, 
tendons (flexor uP ™ ar arcb * median and the ulnar nerves, flexor 

central 3 portion S ??| SU ’T Ct P?° rund ‘«) aad ‘he lumbrical muscles. Its 
central portion is triangular in shane. the a™-* *r fl, 


central nortion k tr?™?! • ct Profundus) and the lumbrical muscles. Its 

retinaculum and k r 7,^ U , ar in . sba P e > apex or which is attached to the flexor 
downwards md c , T , ri 0n -V n Vu US tbc P a * mar is longus tendon. Its base is directed 
processes which dn£^ SIt V he rmdd * e °f tbc palm it divides into four slips or digital 
For Sh ± r d r5 gC f ™ m onc at ? otbcr a "d pass to thc medial four flngcrs, one 
backwards to he fnfid C1 - h if r ,£ Ul £ m of thc digital process a deep process passes 
the headTor the f w,dl * he sheath of tlic flexor tcnAons. Opposite 

the superficial i!122? C Y*r al ll forms a transverse thickened band known as 

web Sein !hTnl7J mr - b *T*‘ °PP wltc lhc ** ™ d of the skin of the 
which form a r? a . ser V? of ^transverse fibres arise from tlic digital processes 

From the interdi^itM the s ^ u ‘ °^ tbc xvcb an d is known as the interdigital ligament. 
fhe con,inucd along the contiguous sides of 

of the dipit or ClrlnnA, / ? >d P d ' vltb ‘he skin and are known as the cutaneous ligament 
oj m digit or Clelands ligament. On either side, the central portion of the palmar 
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aponeurosis is continuous with the peripheral portions i.e. the fascia covering the 
thenar muscles laterally and the hypothenar muscles medially. 

^/Three processes — the medial, lateral and intermediate palmar septa, pass 
backwards from the deep surface of the palmar aponeurosis. The mediat palmar 
septum passes backwards from the medial margin of the central triangular portion 
of the palmar aponeurosis and fuses with the fascia covering the muscle in front of 



Fig. 531. The front of the palm of the right hand to show the palmar aponeurosis. 
From the dissection hall, N- R. Sircar Medical College, Calj with the 
hind permission from the Professor of Anatomy. 


the fifth metacarpal bone. The lateral palmar septum passes backwards from the 
lateral margin of the central portion and fuses with the fascia covering the muscle 
in front of the first metacarpal bone. The mid- palmar or intermediate palmar septum 
passes obliquely backward from behind the flexor tendons of the index finger 
(Kanavcl) and is attached to the front of the third metacarpal bone. 

Anterior interosseous fascia. It is the thin fascia that covers the front of the 
interossei muscles. Inferiorly opposite the heads ofthe medial four metacarpal bones, 
this is thickened to form the deep transverse ligament of the palm. Laterally »t covers 
the adductor pollicis muscle and reaches the first metacarpal bone where it is 
attached along its lateral margin and then is continuous with the posterior inter- 
osseous fascia. 
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Posterior interosseous fascia. It lies deep lo the extensor tendons and covers the 
posterior aspects of the metacarpal bones and the interossei muscles. 

These different fasciae together with the deep septa enclose different spaces 
in the hand known as the fascial compartments of the hand. The following are the 
different fascial compartments in the hand. 

Thenar Space. It is the space between the intermediate and the lateral 
palmar septa. 

Boundary. Anteriorly it is bounded by the central portion of the palmar apo-_, 
neurosis. Posteriorly, it is bounded by the fascia in front of the transverse head 
of the adductor polHcis extending from the third metacarpal to the first metacarpal 
bone. Laterally it is bounded by the lateral palmar septum and medially by the 
intermediate palmar septum. Superiorly it communicates with the Parona’s space 
by a narrow tubular space. Inferiorly it communicates with the subcutaneous space 
at the web between the thumb and the index fingers through the first lumbrica! 
canal. 

Contents. (I) Flexor pollicis Iongus tendon together with its synovial sheath. 

(2) Digital vessels and nerves for the thumb and the radial side of the index finger. 

(3) First lumbrical muscle. 



Mid-palmar apace. It is the space enclosed between the intermediate and 
the medial palmar septa. 

flounrfay. Antenoily it is bounded by the central portion of the palmar apo- 
neurosis. Posteriorly it is bounded by the anterior interosseous fascia extending from 
the third to the fifth metacarpal bone. Laterally it is limited by the intermediate 
palmarscptum and medially by the medial palmar septum. Superiorly it communi- 
cates with the Parona’s space and inferiorly it communicates with the subcutaneous 
space at the webs between the third and the fourth and the fourth and the fifth 
fingers by narrow tubular spaces known as the lumbrical canals through which the 
lumbrical muscles pass to the back of the digit. 

Contois (1) Flexor tendons for the third and fourth fingers and also the flexor 
tendon for the fifth finger together with its synovial sheath. (2) Second, third and 
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the fourth Jumbrical muscles. (3) Superficial palmar arch. (4) Digital vessels 
Tor the little, ring and the medial side of the middle fingers. 

Hypothenar space. It is a small space contained in front of the fifth meta- 
carpal bone. ■ 

Distal palp space. It is a dosed compartment situated in front of the distal 
phalanx. This space is separated from the insertion of the flexor pollicis longus 
in the thumb and from the flexor digitorum profundus in other fingers by a septum 
derived from the deep fascia that stretches from the skin to the phalanx and lies at 
a distance of one-third an inch from the distal digital crease. 

The closed space is bounded in front and at the sides by the skin and behind 
by the distal phalanx. This space is divided into several compartments by 
longitudinal fibrous septa extending between the skin and the periosteum covering 
the distal phalanx. The proximal one-third of the distal phalanx lies outside the 
pulp space and corresponds to the epiphyseal end of the bone which gets its artery 
supply by a branch which arises from the digital artery opposite the middle segment 
of the digit. The remaining portion of the distal phalanx lies within the pulp 
space and gets its artery supply from the arteries supplying the pulp. The lympha- 
tics or the pulp space freely communicate with the lymphatics of the periosteum of 
the distal phalanx in this space. 

JY.tf, — Infection of the pulp space is too frequent and due to the above anatomical facts the infec- 
tion easily spreads into the distal 2/3 of the terminal phalanx and causes its necrosis. Even if there is 
necrosis complete regeneration is possible because its proximal epiphyseal portion remains undamaged. 

Dorsal subcutaneous spaced It is an extensive area of areolar tissue on the 
back of the hand that intervenes between the extensor digitorum tendons and the 
skin and superficial fascia. Its outline is indefinite. 

Dorsal subaponeurotic space. It is the space between the extensor digi- 
torum tendons and the posterior interosseous fascia. 

Parona’s space. It is the space between the superficial and the deep group 
of flexor muscles in the forearm. It communicates below with the palmar spaces 
beneath the flexor retinaculum. 

Synovial sheath of the flexor tendons of the palm. The flexor tendons reaching the 
palm or the hand are those or the flexor digitorum superficialis et profundus and the 
flexor pollicis longus. As these tendons enter the palm of the hand they arc enve- 
loped by synovial sheath; there are two synovial sheaths— one common sheath 
enveloping the tendons of the flexor digitorum superficialis (sublimis) and the 
flexor digitorum profundus and the other is a separate sheath for the tendon 
of the flexor pollicis longus. Each sheath extends into the forearm for a 
distance of about 2-5 cm. above the flexor retinaculum. Below the flexor 
retinaculum, the common sheath for the flexor digitorum superficialis et profundus 
extends into the palm as far as the middle of the metacarpal bones, where 
around the tendons for the index, middle and ring fingers it ends in _ blind diver- 
ticula but in case of the tendon for the little finger it is continuous with the digital 
synovial sheath of the tendon and extends as far as the distal interphalangeal joint. 
The sheath for the flexor pollicis longus is also continuous with the digital sheath of 
the thumb finger and extends up to the distal interphalangeal joint of the thumb. 
This sheath may all-through remain separated from the common sheath or it may 
, communicate with the same behind the flexor retinaculum. 

The common sheath consists of a parietal layer and a visceral layer covering 
the flexor tendons. The parietal layer first lines the carpal tunnel, then the inner 
surface of the flexor retinaculum and finally is reflected on to the front of the tendons 
of the flexor digitorum superficialis from the lateralaide. Then it reaches the medial 
side of the same tendons, covers them from behind, and then is reflected.on to the 
tendom of the flexor digitorm profundus and covers them from in front and lastly 
covers their posterior aspect. Thus it is evident that the tendom are invaginated 



551 


HUMAN ANATOMY 


by the sheath and a recess is formed between the two groups of tendons on the 
medial side. 

X.B. From ihr nature of distribution of the sbeatbs it is evident that in ease of any infection tt 

the dibits, the infections of the little and thumb fingers are to be cared much because there is every 
possibility of the infection being carried to the common sheath. 

Fibroin sheath of the flexor tendons. The flexor tendons, as they enter the digit, 
are housed in an osseo-aponcurotic canal formed posteriorly by the phalanges and 
the palmar ligaments of the interphalangcal joints and in front by an arched band, 
of fibres which covers them in front and are attached to the margins of the phalanges 
and the palmar ligaments of the interphalangcal joints. Opposite the middle and 
proximal phalanges the fibrous sheath is very strong and membranous and con- 
sists mainly of transverse fibres and is known as the vaginal ligaments. Opposite 
the interphalangcal joints it is composed of both annular and cruciate fibres. 

The fibrous sheath is lined internally by synovial membrane, which after lining 
the walls of the fibrous sheath is reflected on to the tendons contained within it. As 
the flexor tendons approach their insertion they are connected to the posterior wall 
of the ossco-aponeurotic canal by cord-like synovial processes known as the vincula 
tendinum. The vincula tendinum, acts as a mesotendon and conveys minute blood 
vessels to the tendons for their nutrition although they get their main nutrition from 
the synovial fluid. The vincula tendinum is of two types — vincula brevia and vincula 
longa. 

The vincula brevia arc two in number and arc short triangular processes of syno- 
via! membrane which connect the flexor tendons to the posterior wall of the ossco- 
aponeurotic canal just before their insertion. Thus it connects the flexor digitorum 
supcrfidalis tendon to the front of the proximal interphalangcal joint and the flexor 
digitorum profundus to the front of the distal interphalangcal joint. 

The vincula tonga arc thread-like processes of which two arc found in association 
with the flexor digitorum superficialis tendon and one with the flexor digitorum 
profundus tendon. The vincula longa for the flexor digitorum superficialis are 
attached to it one on each side when it splits to give exit to flexor digitorum 
profundus tendon. Posteriorly they are attached to the posterior wall opposite 
the margins of the proximal end of the proximal phalanx. The vincula longa 
for the profundus tendon is attached to it immediately after it has pierced the 
flexor digitorum superficial^ tendon. 

Lumbrical muscles of the hand. The Iumbricals are four in number and 
each consists of a small fasciculus of muscle fibres which arises from the tendon of 
the flexor digitorum profundus muscle. The first and second arise from the radial 
side and palmar surfaces of the tendons of the index and middle fingers respectively ; 
the third and the forurth arc bipennatc muscles and arise by two heads — the third 
arising from the contiguous sides of the tendons of the middle and ring fingers and 
the fourth arising from the contiguous sides of the tendons of the ring and lituc 
fingers. Each _ muscle ends in a tendon which passes laterally and is inserted partly 
to the lateral side of the base of the proximal phalanx and mainly to the extensor 
expansion of the extensor digitorum tendon. 

JVWw supply. They are supplied by branches from the median and ulnar nerves 
(G. C, 7, 8 and T. 1). The first and the second are supplied by the median nerve 
and the third and the fourth are supplied by the deep terminal branch of the ulnar 
nerve. _ The third sometimes may be supplied by the median nerve and in that 
case it is not supplied by the deep branch of the ulnar nerve. 

_ Actions. Each lumbrical muscle acting singly flexes the proximal phalanx and 
actihg together with the palmar and dorsal intcrossei extends the middle or.d the 
distal phalanges of the medial four fingers. The extension of the proximal phalanx 
is caused by the extensor digitorum; the lumbrical muscle, though a very small 
muscle, acts as an antagonist to the extensor digitorum which is a powerful muscle. 
Extension of the middle and the distal phalanges by it is antagonised by the flexor 
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digitorum superficialis et profundus and this is best manifested during writing when 
flexion of the proximal phalanx and the extension of the middle and the distal 
phalanges take place alternately by the downstroke and the upstroke of the pen 
respectively. 



Interossei muscles of the hand. The intcrossei muscles of the hand occupy 
the interval between the metacarpal bones and arc grouped into a dorsal and a 
palmar set. 

Dorsal interossei muscles. They are four m number and arc named by 
number according as the inter-metacarpal space they occupy. They arc bipennatc 
muscles and each arises by two heads, radial and ulnar, from the contiguous sides 
of the metacarpal bones. Each ends in a short tendon which winds backwards 
round the proximal phalanx and is inserted partly into the proximal phalanx and 
partly into the extensor expansions of the extensor digitonim muscle. The first 
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Tig. 534 The anterior view of the skeleton of the right hand showing the 
muscular attachments. 


Palmar Interossei muscles. They arc four in number and occupy the 
anterior aspect or the intermetacarpal spaces. With the exception of the first, each 
arises from the entire length of the shaft of the metacarpal bone and is inserted into 
the proximal phalanx and to the extensor expansion on the back of the same digit. 

The first palmar interosseous muscle arises from the medial aspect of the base 
of the first metacarpal bone and is inserted into the ulnar side of the base of the pro- 
ximal phalanx of the thumb in common with the oblique head of the adductor 
pollicis muscle. The second arises from the ulnar side of the shaft of the second 
metacarpal bone and is inserted into the ulnar side of the proximal phalanx of the 
index finger. The third arises from the radial side of the shaft of the fourth meta- 
carpal bone and is inserted into the same side of the proximal phalanx of the ring 
finger. The fourth arises from the radial side of the fifth metacarpal bone and i* 
inserted into the same side of the proximal phalanx of the little finger. 
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Nerve Supply. All the interossei musdes (both palmar and dorsal) are supplied 
by the deep branch of the ulnar nerve (C. 8 and T. 1). 

Actions. .The dorsal interossei muscles abduct the fingers from an imaginary 
plane passing through the middle finger. The palmar interossei muscles adduct 
the fingers to that plane. Both the palmar and dorsal interossei acting with lum- 
bricals flex the proximal phalanx and extend the middle and the distal phalanges. 
The first palmar interosseous muscle flexes the proximal phalanx of the thumb. 



Fir. 535. The skeleton of the right /and, domt aspects, to show the 
dorsal interossei and their insertions. 


Superficial group of extensor muscles. Except the anconeus which occupies the in- 
terval between the olecranon and the lateral condyle of the humerus, from lateral 
to medial side, the superficial extensors, are as follows :» 

(!) Bra chiorad tails. 

(2) Extensor carpi radialis longus.- 

(3) Extensor carpi radialis brc'vjs.^ 

(4) Extensor digitorum. 
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medial head of the triceps and contains fibres from the seventh and eighth cervical 
nerves. 

Actions r. It assists the triceps in extending the elbow. 

N-B . — The tendon of insertion of the triceps gives an aponeurotic expansion which cos era the 
anconeus and then is continuous with the deep fascia of the forearm. In excision of the cibow when 
the triceps is separated from the olecranon subpcriostcally this aponeurotic connection with the anco- 
neus must be preserved because this aponeurotic connection, e\en after excision of the elbow, will 
enable the triceps to extend the elbow. 

DORSUM OF THE HAND 

The majority of the muscles of the back of the forearm except the supinator and 
brachioradialis reach the back of the hand as tendons and are inserted into their 
respective destinations. Except the first dorsal interosseous no fleshy belly of any 



Fig. 537. The skeleton of the right hand, dorsal aspect, to show the muscular 
attachments. 


muscle can be found in this region after exposure of the. skin. and fascia. The ten- 
dons of the muscles as they pass along the back of the wrist joint are bound down to 
the back of the radius and ulna by localised condensation of the deep fascia known 
as the txlevsor retinaculum . Vertical septa pass forwards from the deep surface 
of the extensor retinaculum and subdivide the space into different compartments, 
each of which is lined by synovial membrane for the tendons it transmits. Super- 
ficial to the tendons and opposite the middle of the metacarpal bone is the dorsal 
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venous network formed by the union of the three dorsal metacarpal veins, one from - 
each of the second, third and fourth intermctacarpal spaces, ana the dorsal digital 
veins from both sides of the thumb, radial side of the index and the medial side of 
the little finger. From the lateral side of the dorsal venous network the cephalic 
vein arises while from its medial side the basilic vein arises. Five digital branches 
of the radial nerve— two for the thumb, one for the radial side of the index, one for 
contiguous sides of index and middle and one for the contiguous sides of the middle 
and ring fingers — v. ill be found on the dorsum of the hand before reaching their 
destination. The most medial digital branch from the radial nerve gives a commu- 
nicating twig to the dorsal branch of the ulnar nerve. It lies on the medial side of 
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Fig. 538 The dorsum of the right hand to show the extensor tendons with their synovial 
sheaths and the associated structures. . 


the dorsum of the hand and divides into two branches — one supplies the medial 
*u j- . a*" while the other communicates with the radial nerve. 

then divides into two brandies which supply the contiguous sides of the little and the 
ring fingers. The digital branches of the radial nerve that reach the thumb, cr*s 
the nnatomteal snuffbox and cross in this situation the origin of the cephalic vein , 
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and theradial artery which lies in the floor of the anatomical snuff-box. The ana to- • 
,mical snuff-box is bounded in front by extensor pollicis brevis and behind by the 
.extensor pollicis bogus tendon/ Its floor is formed by the lateral.ligament of the 
•wrist joint and it ii roofed by the shin and superficial fascia. J 

The. tendons of abductor poilicis tongus, extensor pollicis brevis ct longus pass 
obliquely to the .thumb and cross superficial to the tendons of extensor carpi radia- 
lis longus ct brevis which descend vertically downwards to their destination. The 
arrangements of the tendons on the back of the hand from lateral to medial side are 
as follows : 

(!) Abductor pollicis longus. 

(2) Extensor pollicis brevis. 

> (3) Extensor carpi radialis longus. 

(4) Extensor carpi radialis brevis. 

(5) Extensor pollicis longus. 

(5) Extensor digitorunj. 

(7) Extensor indicis. 

-■ J (0) Extensor digiti minimi. 

(9) Extensor carpi ulnaris. 

The extensor digitorum consists of four tendons, one for each of the index, 
middle, ring and the little fingers. The extensor indicis tendon lies partly under 
cover of and partly ou the medial side of the tendon of the extensor digitorum for the 
index finger and similarly the tendon of the extensor digiti minimi also lies on the 
medial side of the extensor digitorum tendon for die little finger. 

Functional classification of the muscles on the back of the forearm — 

The muscles on the back of the forearm may be classified as follows: 

' (1) Extensors of the urnst joint (Transverse axis) : 

(a) Extensor carpi radialis longus. 

' (6) Extensor carpi radialis brevis. 

, _ ’ { c ) Extensor carpi ulnaris. 

(2) Extensors of the thumb : 

(a) Extensor pollicis longus. 

. • [b) Extensor pollicis brevis. 

(c) Abductor pollicis brevis. 

(d) ricxor pollicis brevis. 

(3) Extensors of the proximal phalanges of Ike medial four digits: 

(а) Extensor digitorum. 

\ (6) Extensor indicis— Extends only the proximal phalanx of the 

index finger. 

(c) Extensor digiti minirm—Extends only the proximal phalanx of 
the little finger. 

(4) Abductors of the thumb: 

' (a) Abductor pollicis longus. 

(б) Extensor pollicis brevis. 

• fe) Abductor pollicis brevis. 

, (a) Opponens pollicis. 

(e) Abductor pollicis (In case of extreme position of opposition only) , 

(Morris) . * . 

Extensors of the wrist joint — 

(e) Extensor carpi radialis longus* Origin. It arises from the lower 
one-third of the. lateral supracondylar ridge of the humerus, from the lateral inter- 
muscular septum and from .the lateral epicondyle of the humerus in common with 
the other extensor muscles. 

Insertion. It ’ends in a tendon opposite the middle-third of the forearm and , 
descends vertically downwards deep to the abductor pollicis longus ct extensor 
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poliicis brevis and is inserted into the dorsal aspect of the base of the second meta- 
carpal bone. 

forte supply. It is supplied by a branch from the radial nerve (G, 6 and 7). 
Action. In addition to extension it abducts the wrist joint together with the 
flexor carpi radialis. 



Tig- 539. The- dorsum of the right forearm to show the superficial extensor 
muscles. From the dissection hall, N. R. Sircar Medical College, Cal; with 
the kind permission front die Prof, of Anatomy. 

(5) Extensor carpi radialis brevis. Origin. It arises from the lateral 
epicondyle of the humerus in common with the other extensor muscles, from the 
lateral ligament of the elbow joint and from the intermuscular septum L between it 
and the adjacent muscles. 

Insertion. It forms a flat tendon which lies on the medial side of the cxteiwof 
carpi radialis longu3 and is inserted into the dorsal aspect of the base of the th ird 
metacarpal bone. 
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Nerve supply . It is supplied by a branch from the posterior interosseous nerve 
(C. 6 and 7). 

Actions. Same as above. 

(c) Extensor carpi ulnaris. Origin. It arises from the lateral epicondyle 
of the humerus in common with the other extensor muscles, from the posterior 
border of the ulna by an aponeurosis in common with flexor carpi ulnaris and the 
flexor digitorum profundus and from the antebrachial fascia. 

Insertion. It is inserted by a tendon in the tubercle on the medial side of the 
base of the fifth metacarpal bone. 

Nerve supply. It is supplied by a branch from the posterior interosseous nerve 
(G. 6, 7 and 8). 

Actions, In addition to extension of the wrist joint it is a powerful adductor 
of the same joint. 

Abductor pollicis longus. Origin. It arises from the posterior surface of 
the radius above the extensor pollicis brevis, from the back of the interosseous mem- 
brane and from the upper part of the lateral area on the posterior surface of the 
ulna. 

Insertion. It forms a tendon which is inserted into the lateral aspect of the 
base of the first metacarpal bone. 

Nerve Supply. It is supplied by a branch from the posterior interosseous nerve 
(G. 6, 7 and 8). 

Actions. In addition to abduction it also extends the thumb at the carpo- 
metacarpal joint by acting with the extensors of the thumb. 

Extensor digitoriim. Origin. It arises from the lateral epicondyle of the 
humerus by common extensor tendon, from the intermuscular septum between it 
and the other extensor muscles and from the antebrachial fascia. After its origin 
the muscular belly descends downwards and soon divides into four tendons which 
with the extensor indicis tendon pass through a separate compartment of the exten- 
sor retinaculum and then diverge from each other and pass towards the index, middle, 
ring and the little fingers. Each tendon opposite the rnemcarpo-phalangcal joint 
is expanded (extensor expansion) by the union with the insertions of Iumbricals 
and interossei muscles and covers the back of this joint. Immediately above the 
mctacarpo-phalangeal joint the tendons are connected to one another by the oblique 
aponeurotic fibres. 

Insertion . Each tendon divides into three slips — two collateral and one inter- 
mediate. The intermediate slip is inserted into the back of the middle phalanx 
while the two collateral slips further run downwards and soon reunite together to be 
inserted into the back of the distal phalanx. 

Nerve supply. It is supplied by the posterior interosseous nerve (C. 6, 7 and 8). 

Action, It causes extension of the proximal phalanges or the medial four fingers 
and thus is antagonistic to the action of lumbrical muscles which are the flexors 
of the proximal phalanges. In continued action it causes extension of the wrist 
joint. Due to aponeurotic connections between its tendons, during flexion of the 
digits, the tendons move medially over the back of the metacarpal bones and flexion 
of individual digit is impossible without causing some flexion of the other digits. 


Muscles attached to ike phalanges of the thumb, 
attached to the phalanges of the thumb. 

(!) Abductor pollicis brevis. 

(2) Flexor pollicis brevis. 

i d) Adductor pollicis. 

4) First palmar interosseous. 

5) Flexor pollicis longus. 
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(C) Extensor pollicis longus. 

(7) Extcnsoi potlicis brevis. 

(1) Abductor pollicis brevis. Origin. It arises from the flexor retinaculum, 
tubercle of the scaphoid, crest of the trapezium and also from the tendon of the 
abductor pollicis longus. 

Insertion It forms a short tendon which blends with the tendon of the flexor 
pollicis brevis and this common tendon is inserted into the tubercle on the lateral 
margin of the base of the proximal phalanx of the thumb and to the lateral margin 
of the extensor pollicis longus. 

Ji'trte supply. It is supplied by a branch Horn the median nerve (C. 6 and 7). 

Actions It flexes the metacarpo-phalangcal joint of the thumb. It abducts 
the thumb, i.e it carries the thumb forwards and medially and the movement takes 
place m the carpometacarpal joint. By having its attachment to the extensor 
pollicis longus it acts as a weak, extensor of the disial phalanx svhen the extensor 
pollicis longus is paralysed. 

(2) Flexor pollicis brevis. Origin. It arises from the lower part of the flexor 
retinaculum and from the lower part of the crest of the trapezium. 

Insertion It forms a short tendon which joins with the abductor pollicis 
brevis tendon and is inserted into the radial side of the base of the proximal phalanx 
of the thumb. 

-Wr supply. It is supplied by a branch from the median nerve (C. 6 and 7). 

Actions. It is the flexor of the metacarpophalangeal joint of the thumb and it 
acts in a similar manner like the abductor pollicis brevis. 
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The transverse head arises from the ridge on the anterior aspect of the third meta- 
carpal bone. 

Insertion . The two heads unite to form a short tendon which joins with the 
first palmar interosseous and is inserted to the ulnar side of the base of the proximal 
phalanx of the thumb and by a few slips to the flexor pollicis longus tendon. In its 
course, the adductor pollicis gains its attachment to ulnar and radial sesamoid 
bone of the metacarpo-phalangeal joint. 

Nerve supply. It is supplied by the deep branch of the ulnar nerve (C. 8 and 
T. 1). 

Actions. Tiie transverse head causes flexion and adduction of the thumb while 
the oblique head, by virtue of its attachment to the radial sesamoid bone of the 
metacarpo-phalangeal joint, is competent to cause the movement of opposition when 
the median nerve is paralysed. The movement of opposition, as in pinching, is 
usually carried out by the opponens pollicis. It is also a weak flexor of the distal 
phalanx of the thumb. 

(4) First palmar interosseous. It arises from the medial aspect of the base 
of the first metacarpal bone and after joining the adductor pollicis tendon it is inserted 
on the medial aspect of the base of the proximal phalanx of the thumb. 

Action. It is the flexor of the metacarpo-phalangeal joint and adductor of the 
thumb. 

(5) Flexor pollicis longus. Origin. It arises from the upper three-fourths 
of the anterior surface of the shaft of the radius, from the anterolateral part of the 
interosseous membrane and from the medial margin of the coronoid process of the 
ulna below the pronator teres. 

Insertion. It forms a tendon which crosses the flexor carpi radialis tendon at 
the wrist and then intervenes between the flexor pollicis brevis on the radial side and 
the first palmar interosseous and the adductor pollicis on the ulnar side and is finally 
inserted into the volar aspect of the base of the distal phalanx of the thumb. Its 
tendon is covered by a synovial sheath. 

Nerve supply. It is supplied by the anterior interosseous branch of the median 
nerve (C. 7, 8 and T. 1). 

Actions. It is the flexor of the distal phalanx of the thumb and in continued 
action it flexes the tneiaearpa^shahngea) and the nrisi joints. 

(6) Extensor pollicis longus. Origin. It arises from the lateral part of the 
posterior surface of the shaft of the ulna below the abductor pollicis longus and from 
the back of the interosseous membrane. 

Insertion. It forms a tendon which passes through a separate compartment on 
the medial side of the dorsal tubercle of the radius and crosses the radial artery in the 
anatomical snuff-box and is finally inserted to the dorsal aspect of the base of the 
distal phalanx of the thumb. 

jVVrt'e supply. It is supplied by the posterior interosseous branch of the radial 
nerve (C. 7 and 8). 

Actions . It is the extensor of the distal phalanx of the thumb and in continued 
action acts as an extensor of the metacarpo-phalangeal and the carpometacarpal 
joints of the thumb. It also rotates the thumb at the carpometacarpal joint laterally 
so that the pulp of the thumb faces forwards like the other digits and this can be 
explained by the feet that it reaches the thumb from the ulnar side of the forearm. 
Normally the thumb is rotated medially by the opponens pollicis. Tims extensor 
pollicis longus is a true antagonist to the opponens pollicis. In case of paralysis of 
the intrinsic muscles of the hand it rotates the thumb laterally giving rise to ape 
hand deformity . 
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(7) Extensor pollicis brevis. Origin. It arises from the posterior aspect 
of the shaft of the radius below the abductor pollicis longus and from the adjoining 
portion of the interosseous membrane. 

Insertion. It ends in a tendon which accompanies the abductor pollicis longus 
tendon and is inserted into the dorsal aspect of the base of the proximal phalanx 
of the thumb. 



TtNOON 

Fig. 541. The back of the right forearm to show the deep muscles. 

From the defection hall, N. R. Sircar Medical College, Cal; with the 
kind permission from the Prof, of Anatomy. 

Nerve supply. It is supplied by the posterior interosseous branch of the radial 
nerve (C. 7 and 8). 

.dehonj. It extends the metacarpo-phalangeal joint of the thumb and abo acts 
sM an abductor of the same. 
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Opponens pollicis. This is one of the short muscles of the thumb hut it is 
not attached to the phalanges of the same. 

Origin. It arises from the superficial aspect of the flexor retinaculum and from 
the crest of the trapezium. 



Insertion, It is inserted into the radial border and to the antero-htcral surface 
‘the shaft of the first metacarpal bone. 

JWrre svpfilj. It is supplied by a branch from the median nerve (C. 8 and T. I). 
Actions. As it is inserted into the first metacarpal bone its action is limited to 
ie carpometacarpal joint of the thumb- It b the medial rotator and adductor of 
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the thumb and these two movements occur simultaneously and arc collectively called 
the movement of opposition of the thumb. The mechanism of the movement is 
that the opponens poliicis draws the radial border of the first metacarpal bone 
towards the ulnar side and rotates it medially so that the pulp of the thumb faces the 
palmar surface of the finger. The true antagonist to it is the extensor poliicis longus 
which, though a true extensor, can cause abduction and lateral rotation of the 
thumb. The other short muscles of the thumb are attached to phalanges of the 
thumb and they vmk out the movement of opposition through the metacarpo- 
phalangeal joint. 

Muscles attacked to the phalanges of the little finger. The following muscles are 
attached to the phalanges of the little finger. 

To the palmar rupee i and ulnar side of the prmti- Abductor digni minimi. 

mal phalanx Flexor digni minimi. 

To the palmar aspect and radial side of the proxi- Fourth palmar interosseous murelc and 4th 
mol phalanx lumbrtcal. 

To (he palmar aspect of the middle phalanx. Tint or digitorutn (sublirais) superficialis. 

To the palmar aspect of ibe distal phalanx. Flotor digitorum profundus. 

To the dorsal aspect of the base of the proximal Extensor digit! minimi, 
phalanx 

To the dorsal aspect or the middle phalanx. Extensor digitortim (Intermediate slip). 

To tlie dorsal aspect of the distal phalanx. Extensor digitorum (Collateral slip). 


(1) Abductor digit! minimi. It arises from the anterior surface of the 
pisiform bone, from the tendon of the flexor carpi ulnaris and also from the pisoha- 
mate ligament. 

^ 1 Nene supply. It is supplied by the deep branch of the ulnar nerve (C. 0 and 

Actions. It abducts the proximal phalanx of the little finger. 

(2) Flexor digit! minim!. It arises from the convex surface of the hook of 
the hamate bone and also from the anterior aspect of the flexor retinaculum. 

^ ^Xtrte supply, It is supplied by the deep branch of the ulnar nerve (C. 8 and 

Action. It flexes the proximal phalanx of the little finger. 

(3) Extensor digit! minim!. It arises from the lateral epicondyle of the 
humerus in common with other extensor muscles and also from the interosseous 
membrane. 


Nerve supply. It is supplied by the posterior interosseous nerve (C. 7). 

Action. It extends the proximal phalanx of the little finger. 

Opponens digit! minimi. This is one of the short muscles of the little finger 
but it is not attached to its phalanges. It arises from the medial aspect of the hook 
of the hamate bone and from the medial aspect or the flexor retinaculum. It ,s 
inserted into the medial aspect of the shaft of the fifth metacarpal bone. 

T i^ l> ' en/e sv P^y- ft is supplied by the deep branch of the ulnar nerve (C. 8 and 

Actions . It is the adductor of the little finger and flexor of the fifth metacarpal 
bone at the carpometacarpal joint. 


Muscles attacked to tke phalanges of the index finger — 

To the palmar aspect and radial side of the proxS- First lumbricali*. 
roaJ phalanx. 

To the palmar aspect and ulnar side of the proxi- Second palmar interosseous 
raal phalanx. 

To the dorsal aspect and radial side of the proxi- First dorsal interosseous, 
mal phalanx. 

^To the palmar aspect of the middle phalanx. Flexor digUonim superficialis (suhlimis). 
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To ihf palmar aspect of tl)e distal phalanx. Flexor digiiarum profundus. 

To the dorsal aspect of the middle phalanx. Extensor digitorurn. 

To the dorsal aspect of the distal phalanx. Extensor digitorurn. 

The muscles attached to the phalanges of the middle finger : 

To the palmar aspect and radial side of the proxi- Second lumbricalis. 
mat phalanx. 

To the dorsal aspect and radial side of the proxi- Second dorsal interosseous, 
raal phalanx. 

To thrdonal aspect and ulnar side of the proximal Third dorsal interosseous, 
phalanx. 

To the palmar aspect of the middle phalanx. Flexor digitorurn superficialis. 

To the don.il aspect of the second phalanx. Extensor digitorurn. 

To the palmar aspect of the distal phalanx. Flexor digitorurn profundus. 

To the dorsal aspect of the distal phalanx. Extensor digitorurn. 

All the above muscles have already been described. 

The muscles attached to the phalanges of the ring finger : 

To the palmar aspect and radial side of the proxi- Third lumbricalis. 

ma! phalanx. Third palmar interosseous. 

To the dorsal aspect and ulnar side of the proximal Fourth dorsal interosseous, 
phalanx. 

To the palmar aspect of the second phalanx Flexor dignorum superficialis. 

To the dorsal aspect of the second phalanx. Extensor digitorurn. 

To the palmar aspect of thcdistal phalanx. Flexor digitorurn profundus. 

To the dorsal aspect of die distal phalanx. Extensor digitorurn. 

Neurological value of the muscles of the upper extremity : 

(1) Muscles supplied by the radial nerve : 

(n) Triceps brachii (Cervical 6, 7 and 8). 
lb) Lateral half of brachialis (Cervical 7). 

(c) Brachioradialis (Cervical 5 and 6). 

(d) Extensor Carpi radialis longus (Cervical 6 and 7). 

(e) Anconeus (Cervical 7 and 8). 

(2) Muscles supplied by the posterior interosseous nerve : 

(a) Extensor carpi radialis brevis (Cervical 6 and 7). 

( b ) Supinator (Cervical 5 and 6) . 

( c ) Extensor carpi ulnaris (Cervical 7). 

(rf) Extensor digiti minimi (Cervical 7). 

(0 Extensor digitorurn (Cervical 7). 

(/) Extensor irtdicis (Cervical 7). 

(g) Extensor polticis longus (Cervical 7). 

(A) Extensor pollicis brevis (Cervical 7). 

- (t) Abductor pollicis longus (Cervical 6 and 7). 

(3) Muscles supplied by the median nerve : 

From the nerve trunk : 

(«) Pronator teres (Cervical 6). 

(A) Flexor carpi radialis (Ceivtcal 6). 

(c) PaJmaris longus (Cervical 8). 

(d) Flexor digitorurn superficialis (sublimis). 

Through anterior interosseous nerve: 

(a) Lateral half of the flexor digitorurn profundus (Cervical 7, 8 and thoracic 

(A) Flexor pollicis longus (Cervical 8 and thoracic 1). 

(c) Pronator qtiadratus (Cervical 6 and 7). 

Through terminal branches: 

(a) Thenar muscles— abductor pollicis brevis, flexor jwJlicis brevis and 
opponens pollicis. 

(A) First and second lumbricals. 
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(4) Muscles supplied by the ulnar nerve: 

(o) Flexor carpi ulnaris (Cervical 8 and thoracic 1). ' 

(4) Medial half of the flexor digitorum profundus. 

(c) Hypothcnar muscles. (Abductor digiti minimi, flexor digiti nuntmt and 
opponens digiti minimi). 

(d) All the interosseous muscles of the hand. 

M Third and the fourth lumbricals. 

(/) Adductor pollicis. 

(5) Mu teles supplied by the musculocutaneous nerve (arm): 

(a) Biceps brachii (Cervical 5 and 6). 

(4) Coracobrachialis (Cervical^ 7). 

Medial half of the brachialis (Cervical 5 and 6). 

(6) Muscles supplied by the circumflex nerve: 

(a) Deltoid (Cervical 5 and 61. 

(5) Terrs minor (Cervical 5). 

(7) Muscles supplied by the lower subscapular nerve : 

(a) Subscapularis (Cervical 5 and G). 

tb) Teres major (Cervical 5 and 6). 

(8) Muscles supplied by the suprascapular nerve: 

(a) Supraspinatus (Cervical 5 and G). 

(6j Infraspinatus (Cervical 5 and 6). 

The pectoralis major et minor are both supplied by the lateral and n \ C( J! a * 
pectoral nerves. The serralus anterior, latissimus dorsi, levator scapulae aiui tiie 
rhomboids are supplied by the nerves of the same name; the subscapularis in addition 
to the lower subscapular nerve receives the upper subscapular nerve. . 

MUSCLES OF THE THORAX 

Muscles of the thorax . The following are the muscles of the thoracic wall : 

(1) Intercostal* Extemus. 

(2) Intcrcostalis Intemus. 

(3) Transversus Thopacis. 

(o^ Stemocostalis. 

(6) Subcostalis. 

(c) Intercostalis Intimi. 

(4) Levator Costarum. 

(5) Serratus Posterior Superior. 

(6) Serratus Posterior Interior. 

Morphology or the muscles of the thoracic wall. The muscles of 
thoracic wall belong to the muscles of the body wall that surround the coelomic 
cavity during embryonic life. They arc arranged into three layers corresponding 
to the three layers of muscles on the abdominal wall, namely external obUqoe, 
internal oblique and transversus abdominis. 

The external layer corresponding to the external oblique is specialised to be 
broken into several components which establish connection with the upper limb ana 
the muscles in this group are the pectorals, serratus anterior and the rhomboid*. 
The intermediate layer, which corresponds to the internal oblique muscle, Is spHj ,n . ® 
two layers by the developing rih and consists of the external intercostal and yi 
internal intercostal, the fibres of which intersect each other. The inner Ufftr coi« BW 
of stemocostalis, intercostalis intimi and the subcostalis and they correspond to 
transversus abdominis of the abdomen, 

Intercostalis Exterxras. Each muscle fills the space between the two ribs 
v an d its fibres are directed downwards and forwards. Posteriorly it extends up 
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tubercle of the rib where it blends with the posterior surface of the superior costo- 
transverse ligament. The intercartilaginous portion of the muscle is replaced by 
membranous fibres and is known as external (anterior) intercostal membrane. Each 
muscle takes its origin from the lower border of the rib above and is inserted to the 
upper border of the rib below. Levator costarum overlaps its posterior part whereas 
in the lower part of the thorax obliquus externus abdominis overlaps the anterior 
part of the muscle. These three muscles, that is, the external intercostal, the external 
oblique and the levator costarum have the same direction, common nerve supply 
and arc derived from a common source. 

Nerve supply. It is supplied by the corresponding intercostal nerve. 

Action. It elevates the rib. 

Intercostalis Interims. Each muscle fills the space between two ribs lying 
deep to the intercostalis externus. It extends from the lateral border of the sternum 
to the angle of the rib from where it is replaced by membranous fibres — the internal 
{posterior) intercostal membrane which extends backwards to the anterior surface of the 
superior costo-transvcrsc ligament with which it is blended. It arises from the 
floor of the costal groove of the rib above and is inserted to the inner lip of the upper 
border of the rib below. Its fibres are directed opposite to that of the external 
intercostal muscle, i.e. upwards and backwards and the two muscles cross each other 
like a St. Andrew’s cross. Each intercostal muscle has two layers of muscle fibres 
and the inner layer is known as the intercostalis intimi. 

Nerve supply. Same as above. 

Action. It depresses the rib. 

Transvcrsns Thoracis. Consists of inlercoslalts inlimt, subeoslalis and the 
stemocosialis. 

(a) Intercostalis intimi. They constitute the deeper planes of fibres of the inter- 
costalis internus muscle. They are very ill defined in the upper spaces and gradually 
become well developed in the lower spaces. They only occupy the middle two- 
fourths of an individual space. Each arises from the upper border of the costal 
groove and is inserted to the upper border of the rib below along with the inter- 
costalis intemus muscle. They separate the intercostal vessels and nerves from 
the costal pleura. 

( b ) Subcostalis. It consists of both muscular and aponeurotic fasciculi and 
well developed only in the lower part of the thorax. Each muscle arises from the 
inner surface of the rib above near its angle and is inserted into the inner surface of 
the second or the third rib below. Jts fibres have the same direction as the inter- 
costalis intemus. It separates the intercostal vessels and nerves from the costal 
pleura. 

(c) Stemocosialis muscle. It arises from the posterior surface of the (1) xiphoid 
process of the sternum, (2) from the lower part of the posterior surface of the body 
of the sternum and (3) from the inner ends of the fifth, sixth, and seventh costal 
cartilages. Its fibres pass upwards and lateralwards and are inserted into the 
second, third, fourth, fifth and sixth costal cartilages dose to their costal ends. The 
lowest fibres of the musde are horizontal and are continuous below with the trans- 
versus abdominis. 

Nerve supply. It is supplied by second, third, fourth, fifth and sixth intercostal 
nerves. 

Actions. It draws down the costal cartilages to which it is attached. 

Levator Costarum, They are twelve in number. Each arises from the tip 
of the transverse process of the vertebra above and is inserted to the upper border 
and the outer surface of the rib below between its angle and the tubercle. The 
first one arises from the tip of the transverse process of the seventh cervical vertebra. 

Nerve supply. It is supplied by the intercostal nerve. * 
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Atttoia. H rotate*, the neck of the rib forward and acts as a lateral flexor and 
rotator of the tcrtebral column. 



Serratus posterior superior. It is a quadrilateral-shaped muscle situated 
at the upper and posterior part of the thorax. It arises from the lower part of 
ligamentum nuchae, the spinous process of the seventh cervical and the firth 1 . 
second and third thoracic vertebrae and tbe supraspinous ligament. »t ** 
inserted by four fleshy digitations into the upper border and the outer surface 0 
the second, third, fourth and fifth ribs, a little beyond the angle. 

j\Ww supply. Second, third and fourth intercostal nerves. 

Actions. Elevator of the upper ribs. 

Serratus posterior Inferior. It is situated at the lower part of the back of 
the thorax. It arises by aponeurotic fibres from ’the spinous process and the 
" supraspinous ligaments of the last two thoracic and the fust, second and the third 



THE MUSCULAR SYSTEM OR THE MYOLOGY 


573 


lumbar vertebrae. Its fibres are directed upwards and laterally and it is inserted by 
four fleshy dotations to the lower border and the outer surface of the loner four ribs. 

Nerve supply. Anterior primary rami of the 9th, 10th, 11th and 12th thoracic 
nerves. 

Actions . It is the depressor of the lower four ribs. It assists in the action of the 
diaphragm by fixing the lower four ribs. 

MUSCLES OF THE ABDOMEN 

Obliqnus exteraus abdominis. Origin. It arises from the outer surfaces 
and the lower borders of the lower eight ribs. Its upper four or five slips inter* 
digitate with the serratus anterior while its lower slips interdigitate with the latis- 
simus dorsi. From its extensive origin its fibres descend downwards, forwards and 
medially and are inserted as follows: 

Insertion . Its lowest fibres descend vert i call d own wa rd s and are inserted into 
the anterior half of the outer lip of the ventral segment of the iliac crest by fleshy 
fibres. Its highest fibres are inserted to the xiphoid process by aponeurotic fibres; 
its middle fi bres pa ss dowpwards^fbr^ards and medially and endjp-a-brpAtlaponcu- 
rosis wh7ch“fs insSTted-imo tKFTuieaalbaT^iiteri'cTr'superlcFrdfiac spine, tHe^Ttiluc 
tubercle, front of symphysis pubis and to the pectineal line. The portion extend- 
ing from the anterior superior iliac spine to the pubic tubercle is folded on itself 
and forms the inguinal ligament. The portion attached to the pectineal line forms 
the pectineal part of the inguinal ligament. Some of the fibres from the pectineal line 
are reflected obliquely upwards and medially and by passing through the linea 
alba become continuous with the fellow of the opposite side to form the reflected part 
of the inguinal ligament. 

Opposite the pubic crest it presents a deficiency m its aponeurosis and forms 
the superficial inguinal ring which is hidden from view by the attachment of a thin 
fascia around the opening and is known as the external spermatic fascia. It is triangular 
in shape and presents two crura or roots and an arched limb. The two crura arc 
connected with each other by an arched band of fibres which interlace each other 
and form the intercrural fibres. The spermatic cord and the ilioinguinal nerve 
in case of male, and the round ligament of the uterus and the ilioinguinal nerve in 
female, pass through the superficial inguinal ring. 

Nerve supply. It is supplied by the lower six intercostal, last thoracic, ilio- 
inguinal and iliohypogastric nerves. 

Actions . Acting together they compress the abdominal viscera and raise the 
intra-abdominal pressure and thus help in expulsion of faeces, urine and the foetus 
from the uterus in case of female. \Vlien the thorax is fixed it raises the pelvis 
upwards. When the pelvis is fixed it depresses the thorax and thus helps in the 
’ respiration. 

Superficial inguinal ring. The superficial inguinal ring is a deficiency 
in the aponeurosis of the externa! oblique muscle and is situated immediately above 
the pubic tubercle. It forms the outlet of the inguinal canal and transmits the 
spermatic cord and the ilioinguinal nerve in ease of male, and the round ligament 
of the uterus and the ilioinguinal nerve in case of female. 

The aponeurosis of the external oblique as it passes to the pubis splits up into 
two diverging bundles — one passes to the pubic tubercle and is then continuous 
with the medial part of the inguinal ligament while the other is attached to the 
from of the symphysis pubis where its fibres decussate with the fellow or its opposite 
side. 

It is triangular in shape and its apex is directed upwards and laterally. Its 
base corresponds to the pubic crest and its margins formed by the diverging bands 
of the aponeurosis, are called the crura. They arc two in number— superior and 
inferior. The superior crus is directed upwards and medially and is more or less 
straight and is attached to the front of the symphysis pubis. The inferior mis is 
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directed downwards and laterally and Is attached to the pubic tubercle. The sper- 
matic cord or the round ligament of the uterus rests on this crus. The two crura 
are connected with each other by arched bands of fibres which arc concave down- 
wards and form the inlercrural fibres. The margins of the opening give attachment 
to a thin layer of fascia known as the external spermatic fascia which is prolonged on 
to the spermatic cord and hides the opening from view. 

Inoowal ligament. It is formed by the folded lower border of the aponeurosis 
of the obliquus extern us abdominis and extends from the pubic tubercle to the 
anterior superior iliac spine. From its medial attachment to the pubic tubercle it 
is reflected backwards to be attached to the medial one inch of the pectineal line ar.d 
forms the pectineal part of the inguinal ligament and the portion that is reflected from 
the pectineal line to the linea alba to become continuous with the fellow of the 
opposite side, forms the reflected part of the inguinal ligament. In its course it forms a 
concavity superiorly and convexity inferiorly due to the fascia lata being attached 
to its interior aspect. The space below the inguinal ligament is known as the 
pclvifemoral space through which the false pelvis communicates with the thigh. 

Pectineal part of the inguinal ligament. The pectineal part of the inguinal ligament 
is formed by that portion of the inguinal ligament which is reflected from the pubic 
tubercle to the pectineal line. It is about one inch in length and is triangular in 
shape. Its apex corresponds to the pubic tubercle, while its base forms a free con- 
cave margin which is directed laterally and forms the medial boundary of the 
femoral ring. Its inguinal border is continuous with the medial end of the inguinal 
ligament while its pectineal border is attached to the medial one inch of the pectineal 
line Its superior or abdominal surface is directed upwards, backwards and medially 
and forms in this situation the medial part of the floor of the inguinal canal. The 
spermatic cord in the male and the round ligament of the uterus in the female rests 
on this surface. Opposite its base this surface gives attachment to the transversals 
fascia. Its attachment to the pectineal line lies anterior to the attachment of the 
conjoined tendon and the transversalis fascia. Its femoral or inferior surface is 
directed downwards. A fibrous band extends lateralwards from the base of the 
pectineal part of the inguinal ligament along the pectineal line and is know M 
the pectineal ligament or the ligament of Cooper. 

Relations. Superficially it is covered by the skin, superficial fascia andthedeep 
layer of the superficial fascia of the abdomen. Opposite its mid-point it is crossed 
superficially by thc-cu perficial epigastric vessel; .. The superficial circumflex mac 
vessels pass laterally in front of St along its lateral half. The superficial inguinal 
lymph glands are related to its lower bonier. 

Deep to it the pelvi-femoral space is occupied by the iliaeus, psoas and the 
peclineus from lateral to medial side. The lateral cutaneous nerve of the thigh enters 
the thigh between the anterior superior and anterior inferior iliac spines. Passing 
in front of the tisfla g_ major arc Xht. femoral vessels and thc/nworai branch of the genito- 
femoral nerve which lies’ lateral to the femoral artery. The femoral nerve enters the 
thigh through the groove between the iliaeus and the psoas. The transversalis fascia 
in front and ilio-pectineal fascia behind descend to the thigh under the inguinal 
ligament and are applied to the femoral vessels to form the femoral sheath below 
the inguinal ligament. Lateral to the femoral vessels the fascia iliaca and truns- 
versalis fascia are fused together and are attached to deep surface of the -inguinal 
ligament. Coursing along the deep surface of the lateral half of the inguinal liga- 
ment is the deep circumflex iliac vessels which intervene between the iliac and trars- 
versalis fasciae and ultimately it escapes from this fascial 'sheath by piercing the 
latter fascia. The lower fibres of the transversus abdominis, internal oblique ana 
the cremaster muscle also take their origin from the deep surface of the inguinal 
ligament. 

Internal Oblique Muscle. Origin. It lies deep to the external obl*q uc 
muscle^ and superficial to the transversus abdominis. It arises from the anterior 
two-thirds of the ventral segment of the intermediate lip of die iliac crest, from th c 
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Some of the lowest fibres of the internal oblique ate prolonged over the Spermatic • 
cord to form the cremaster muscle. 

June supply and action. Same as external oblique. 

Cremaster. Origin. The cremaster muscle is continuous with the lowest 1 
fibres of the internal oblique muscle and takes its origin from the middle of the ' 
inguinal ligament. Its fibres descend along the lateral aspect of the spermatic 
cord and emerge though the superficial inguinal ring along with the spcmtatic cord. 
They form a sci ics of loops which arc festooned by a thin layer of fascia known as 
the cremasteric fascia which forms an investment for the cord also. 

Insertion The highest fibres of the loop end into a delicate tendon which u 
inserted into the pubic tubercle and the crest. 

J \ene supply It is supplied by the genital branch of the gcnito-femoral nerve 

i,L 1 and 21 

Actions By its contraction the cremaster muscle raises the testis towards the 
supeificial inguinal ring. Structurally it is a striated muscle but functionally it a 
an involuntary muscle. 

Applied Anatomy. Cremasteric reflex. 

Transversus abdominis. It lies deep to the internal oblique muscle and Hi - 
fibres run tiausverscly and hence it is called the transversus abdominis. 

Origin. It arises from the anterior two-thirds of the inner lip of the iliac crest, 
from the deep surface of the lateral one-third of the inguinal ligament, from the 
lumbar fascia {in the interval between the iliac crest and the last rib) and by fleshy 
dictations from the inner surface of the lower six ribs interdigitating with the 
diaphragm muscle. 

Insertion. The majority of the fibres end in an aponeurosis which Is broadest 
at the level of the umbilicus. _ Above this level its muscle fibres gradually approach 
the median plane and immediately below the xiphoid process its muscle fibres reach 
the median plane where it interdigitates with the fellow' of its opposite side. The 
aponeurosis of the transversus abdominis blends with the posterior lamella of the 
internal oblique muscle and passing behind the rectus abdominis is inserted into 
the lines alba up to a point midway between the umbilicus and the symphysis pubis. 
Below this level the aponeurosis blends with internal oblique aponeurosis and turn* 
downwards along the lateral margin of the rectus abdominis to form the conjoint 
tendon. Its inguinal fibres, as they turn upwards and medially, end in a free border 
w hich arches over the deep inguinal ring and form the roof of the inguinal canal in 
this situation. 

Nerve supply and action. Same as that of the oblique muscles. 

Conjoint Tendon- The fibres of origin of the transversus abdominis and the 
internal oblique muscles from the inguinal ligament arch over the deep inguinal 
ring and then end in a common tendon known as the conjoint tendon. The conjoint 
tendon passes deep to the superficial inguinal ring and is inserted into the pubin 
crest and the medial part of the pectineal line. By passing deep to the superficial 
inguinal ring the conjoint tendon helps to compensate for the weakness caused by 
the superficial inguinal ring. 

Lumbar Triangle. It is an intermuscular triangle situated behind the . 
posterior border of the obliquus extemus abdominis and above the highest point ol 
the iliac crest. It is bounded in front by the posterior border of the obliquus externu* 
abdominis an d behind by the latmimus dorsi mus cle. The base is formed by the 
iliac crest, and The apex, byHie union o? thcJatissimUs dorsi with the obliquus externu> . 
abdominis muscle. The floor is formed by the obliquus intemus abdominis. It L< 
covered only by the skin and superficial fascia. 

It forms a weak point in the posterior abdominal wall and occasionally a lumbar 
hernia may descend through it. 


THE MUSCULAR SYSTEM OR THE MYOLOGY 


57? 


Inguinal canal. The inguinal canal is an oblique space connecting 
the deep with the superficial inguinal ring. The deep inguinal ring is a circular 
opening in the transversalis fascia on the lateral side of the inferior epigastric artery, 
situated about half an inch above the m id-point between the'anterior superior iliac 
spine and the symphysis pubis and it transmits the vas deferens in the male and the 
round ligament of the uterus in the female from the abdominal cavity. The super- 
ficial inguinal ring is an oblique opening in the aponeurosis of the external oblique 
muscle and just corresponds to the pubic crest and the tubercle. 

The inguinal canal is about 4 cm. long, oblique in direction and runs almost 
parallel to the inguinal ligament. It is placed about half an inch above the inguinal 
ligament. It has got an anterior and a posterior wall, a roof and a floor. 

The anterior wall is formed by the skin, the superficial fascia and the aponeurosis 
of. the external oblique muscle throughout its entire extent, and along its lateral- 
third, in addition, are the fleshy fibres. of the internal oblique muscle. The posterior 
wall is formed by the peritoneum, the extra-peritoneal connective tissue and the 
transversalis fascia throughout the whole length, and by..th e_conioint tendon and 
th e reflected inguinal lig ament along the me dial-t hird injiddtionT Thus it is evidertt 
that the posterior wallis strongeFalong its medial pactJi aving t he conjoint ten don 
and the r eflecte d inguinal ligament as additional coverings whereas the anterior 
wall is stronger laterally owing to the addition of the internal oblique fibres. 



Roof. It is formed by the arched fibres of the transversus abdominis and the 
internal oblique muscles. 7 ’ ™ " 

Floor. It is formed by the union of the transversalis fascia with the inguinal 
ligament and at its medial end by the pectineal part of the inguinal ligament. 
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Contents. Spermatic ton / and the ilioinguinal amt in case of male and the icai^ 
ligament of the uterus and the ilioinguinal nerve in case of female. ' '• 

Applied Anatomy. The inguinal canal is a deficiency in the anterior abdomi- 
nal wall through which direct and oblique variety of inguinal hernia may descend. 
The weakness is compensated by the oblique direction of the canal and by the situation 
of the deep and superficial rings at different points, because in any rise of the intra-abdominal 
pressure the posterior wall of the canal is pushed against the anterior wall and 
thcreb) obliterates the canal. During increased intra-abdominal pressure the 
cremaster muscle contracts and thereby forms a sort of plug in the canal thus compensat- 
ing foi natural weakness. The oblique variety of inguinal hernia traverses through 
the deep inguinal ring whereas the direct variety enters the inguinal canal by pushing 
the posterior w all of the canal in front ofit. 

Rectus Sheath. The 
rectus sheath is an aponeurotic' 
envelope for the rectus abdom- 
inis muscle. 

Mode of FormahoR. The 
mode of formation and 'the 
constitution of the sheath arc 
not vmifoim throughout the 
entire extent of the rectus 
abdominis muscle. Tints it 
can l>c divided into Tour diffe- 
rent parts, each having a dis- 
tinctive construction. 

(1) From a point three inches 
below the angle between the xiphoid 
process and the costal margin to 
midway between umbilicus end 
symphysis pubis . Here the in- 
ternal oblique muscle reaching 
the latrral border of the rectus - 
abdominis splits up into two 
lamellae, anterior and posterior. 
The anterior lamella passes « 
from of the rectus abdomuut 
muscle, and blends with the 
aponeurosis of the external 
oblique whereas the posterior 
lamella blends with the apon- 
eurosis of the transversos 
abdominis muscle and passe* 
posterior to the rectus muscle 
and finally the two lamellae re- 
aching the medial border of the 
rectus muscle are joined toge- 
ther and then arc insertedinto 
Fig. 546. The posterior wall of the rectus the linca alba. Thus it l* 

sheath. {Diagrammatic). found that the anterior wall Of 

P , , , . the sheath in this region » 

formed by the aponeurosis of the external oblique muscle and the anterior 
lamella ofihe internal oblique muscle and the posterior wall j s formed by the posterior 
lamella of the internal oblique and the aponeurosis of the transversus abdominis 
muscle. The posterior wall of the sheath at its lowest point, that is, midway between 
the umbilicus and the symphysis pubis, ends In an arched border 'the concavity of 
which is directed downwards and is known as the arcuate line . 
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(2) Below the point midway between the umbilicus and the pubis. Opposite this 
situation the internal oblique aponeurosis does not split but together with the trans* 
versus abdominis passes in front of the rectus muscle- Thus here the anterior wall 
is formed by the aponeurosis of the external and internal oblique and the transversus 
abdominis, the posterior wall being only formed by the transversalis fascia on which 
the muscle rests. 

(3) For the first three inches below the costa-xiphoid angle. The internal oblique 
aponeurosis fails, to reach in this situation because it terminates by insertion into the 
costal arch in this level. Therefore, the posterior wall of the sheath in this situation 
is formed by the musculo-aponeurotic fibres of the transversus abdominis. The 
muscle fibres of the latter muscle almost...reach the media n plane; in other words, 
this part of the posterior wall is partly muscular. 

(4) Above the costal margin. Here both the internal oblique and transversus 
abdominis aponeurosis do not extend above the costal arch. The only aponeurosis 
that extends above the costal arch is that of the external oblique muscle. There- 
fore in this region the anterior wall being formed only by the external oblique 
aponeurosis and the posterior wall being deficient, the muscle rests partly on the 
xiphoid process and mostly on the cartilages of thc_5th, 6th and 7th ribs against 
which die rectus muscle’ is' inserted. 

'■The anterior wall of the sheath is adherent to the rectus muscle at three points 
opposite the three tendinous intersections of the rectus muscle, t Bans' one opposite 
to the xiphoid process, one opposite to the umbilicus and the third in between the 
former two. The posterior wall of the sheath is quite free from the muscle throughout its 
entire extent and the wall is separated from the peritoneum by the transversalis 
fascia. 

Contents: 

Muscles. Rectus abdominis extends from the .costal -arc h to the symphysis 
pubis. Pyra midaHs is occup yingjhe. lower and .medial part of the'sneath below the 
umbilicus. 

Vessels. Superior epjgastric^branchj?f the internal-mammary artery ^anasto- 
mosing with the inferior epigastric branch of the external iliac artery above the 
umbilicus. Lower six intercostal and the subcostal branches of the descending 
thoracic aorta reach the sheath by piercing its posterior wall. The veins are corres- 
ponding to the arteries. 

Nerves. Lower six intercostal and subcostal nerves enter the sheath by piercing 
the posterior wall of the sheath. 

Rectus Abdominis. Origin. It arises by two heads — lateral and medial. The 
lateral head arises from the lateral part of the pubic west while the medial head 
takes its origin from the condensed mass of fibro-areolar tissue in front of the symphysis 
pubis. The two heads soon unite together and then ascend vertically upwards up 
to their points of insertion. 

Insertion. Its medial fibres are inserted in the anterior aspect of the xiphoid 
process of the sternum. Its lateral fibres divide into three slips which arc inserted 
into the front of the cartilages of the fifth, sixth and seventh ribs respectively. 

Nerve supply. It is supplied by the lower six intercostal nerves and the last 
thoracic nerve. 

Action. Acting from below it depresses the thorax and in continued action 
flexes the vertebral column {lumbar vertebra), as in rising from the recumbent to 
sitting posture. Acting from above it raises the pelvis upwards. Acting together 
they depress the anterior abdominal wall. Acting singly it flexes the trunk lateral- 
wards. To sum up, its actions are: 

(1) Compressor of the abdominal viscera. 

(2) Depressor of the thoracic wall. 
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(3) TJcsor of the trunk. 

(4) Lateral flexor of the trunk. 


Pyramidalis. It arises by tendinous fibres from the anterior surface of the 
botly of the pubis immediately below the pubic crest and by ligamentous fibres from 
the front of the sjmphysis. Its fibres converge towards the median plane to be 

inserted into the linea albs 



or He muKlM in active contraction. With 
the kind courtesy oflSuwa Srre" Monototh Roy. 


opposite a point midway bet- 
ween the symphysis pubis and 
the umbilicus. 


JVerce supply. It is supplied 
by the last thoracic nerve. 

Action. It is the tensor of 
the linea alba. 


Inguinal triangle. This 
is a trianglar area on the per- ■ 
itoneum situated in the lower 
part of the anterior abdominal 
wall. Its base is formed by the 
inguinal ligament, apex by the 
meeting of the inferior epiga- 
stric artery with the lateral 
border of the rectus abdominis, 
lateral border by the inferior 
epigastric artery and the medial 
border by the lateral margin of 
the rectus abdominis muscle. 
The obliterated umbilical artery 
runs upwards from opposite the 
middle of its base towards the 
apex and divides the triangle 
into a medial and a lateral part- 
The medial part lies in between 
the obliterated umbilical artery 
and <he median umbilical liga- 
ment or the bladder 'and 'is 
known as the supra-cesical fossa. 
The lateral part lies in between 
the obliterated umbilical artery 
and the inferior epigastric 
artery and is known as the 
medial inguinal fossa. Lateral 
to the inguinal triangle is the 
deep inguinal ring which lies at 
the lower part of the lateral in- 
guinal fossa. 

Direct variety of inguinal 
hernia may descend through - 


on,, of .i._ _ ncrnia may acscena tnrous 1 * 

£2nAl £ compartments of the inguinal triangle and the coverings of the 
hernial sac vary according to the situation it traverses. 

»ituatbiwwi*stim»£l n »tk!?i r* vi * c , us from its normal situation to an abnormal 

SKS?** romut,o„ „rh„ oia and ,|,at which occurs in the inguinal 
‘ » «iown as the inguinal hernia. 

Direct ine»!r^ P vL Va - nCtiCS °f 5n ^“ inaI ?,crn!a We of two types — OUtcue and direct. 

ssJufsyr mdial or ^ ^ 
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The oblique inguinal hernia lies on the lateral side of the inferior epigastric 
artery while the direct variety lies on its medial side. 

Comings 0 / the oblique inguinal hernia. As the oblique inguinal hernia passes 
; through the deep inguinal ring its hernial sac formed by the peritoneum receives 
> first the internal spermatic fascia, then in the inguinal canal, it receives the cremas- 
t teric muscle and fascia, at the superficial inguinal ring it receives the external sper- 
: malic fascia and lastly, when it comes out of the superficial inguinal ring and descends 
into the scrotum, it receives the superficial fascia and the skin. 

< Coverings of the direct inguinal hernia. The medial variety of direct inguinal 
hernia at first pushes the peritoneum, cxtra-pcritoncal connective tissue and the 
transversal}} fascia in from of it, then the conjoint tendon and the reflected inguinal 
ligament. Then when it comes out of the superficial inguinal ring it receives the 
external spermatic lascia and in the scrotum it receives the superficial fascia and the 
skin. 

The lateral variety of the direct inguinal hernia has the following coverings; 

| (1) Peritoneum, (2) Extra-peritoneal tissue, (3) Transversals fascia, (4) Cremasteric 

• muscle and fascia, (5) External spermatic fascia and (6) the superficial fascia and the 
skin. 


Difference between the oblique and Ike direct inguinal hernia : 


Oblique Variety 

I. It passes through the lateral inguinal fo«a 


Direct Variety 


J. It passes through the medial inguinal fossa 
and the supravesical fossa. 

2. It enters the inguinal canal through the deep 2. It enters the inguinal canal by pushing its 

inguinal ring. posteror v.all in front of tt. 

3. Hie inferior epigastric artery lies on its medial 3. The inferior epigastric artery ties on Ju lateral 

side. side. 

4 . Difference in its coverings as mentioned abos e. 4. Difference in the co\ erings as mentioned abo\ e. 


When the flat and the recti muscles have been removed the anterior abdominal 
wall will be seen to be formed by a thin glistening, transparent cloth-like structure 
known as the peritoneum. Lying superficial to the peritoneum is a thin layer <}f 
areolar tissue on which there lies a delicate fascia known as the transver salts fascia. 
On a general view the peritoneum, extraperitoneal connective tissue and the trans- 
versals fascia will be found as a single layer of membranous structure but when a 
light incision is given the transversalis fascia retracts from the cut margin and it is 
seen to be a distinct layer of fascia which is spread on the loose extraperitoneal 
connective tissue. 


Transversalis fascia. It is the general investing fascia on the anterior abdo- 
minal wall situated beneath the transversus abdominis muscle and in front of the 
extraperitoneal connective tissue. Above, it is continuous with the fascia covering 
the undersurface of the diaphragm. Below, opposite the iliac crest, it is attached 
to the whole length of the inner lip of the iliac crest between the jliacus and the 
transversus abdominis. Opposite to the lateral half of the inguinal ligament it is 
attached to the under-surface of the same ligament and is fused with the fascia 
iliaca. Opposite to the femoral vessels it is attached to the under-surface of the 
inguinal ligament and then is continued downwards in front of the femoral vessels. 
Medial to the femoral vessels it is fused with the deep aspect of the conjoint tendon 
and is finally attached to the pectineal line. Posteriorly it is fused with the lumbar 
fascia (anterior layer). 


POSTERIOR ABDOMINAL WALL 


The posterior abdominal wall is an osseo-musculo-fibrous wall and extends 
from the inner surfaces, of the lower ribs to the pelvic brim. 

The bony parts of the posterior abdominal wall is formed medially by the five 
lumbar vertebrae with their transverse processes and the in ter- vertebral - ’ 
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laterally and above, it is formed by the inner surfaces of the lower ribs, and laterally 
and below, by the iliac fossa. 

The muscular part of the posterior abdominal wall above the iliac crest is 
formed from medial to the lateral side by the psoas major et_ minor muscles, inter* 
transversus, quadratic lumborum and the transversus abdominis muscle and brim* 
the iliac crest it is formed laterally by the discus and medially by the psoas major 
muscle. 

The fibrous part is formed by the lumbar fascia and the fascia iliaca. 

Muscles oj the posterior abdominal wall : 

Psoas major muscle. It is that portion of the iliacus muscle which has . 
migrated abm e the iliac crest. ‘ 

Origin. It arises by fleshy fibres from the discs between twelfth thoracic and i 
fifth lumbar vertebrae, from the adjoining portions of the bodies of these vertebrae, ■ 
from the tendinous arches that connect the upper and low er borders of the middle 
of the sides of upper four lumbar vertebrae, and from the anterior surfaces ard 
lower bordn - of the transverse processes of the five lumbar vertebrae. It forms a 
fusiform belly which descends on the side of the vertebral column and passes through 
the hollow between the anterior inferior iliac spine and the iliopubic eminence. 

Insertion. It forms a tendon which passes in front or the capsule of the hip joint 
from w hich it is separated by a bursa. It receives majority of the fibres of the lhans 
muscle and is inserted in to the sumrni l-nfAhedessfvr tror-hanlcr of the femur. 

Pierce supply. It is supplied by branches from the second, third and fourth 
lumbar nerv es. 

Action. It acts in combination with iliacus and is the flexor of the hip joint and 
the pelvis. It also acts as medial rotator of the thigh when the f oot is off t he ground. 

Relations. The psoas. major, .muscle lies lateral t o the lumbar vertebrae. and 
descends in front of the lumbar transyeraejroccsscs, mtertransverse muscles, medial 
edge of the. quadratus lumborum, ala sacralisHateral p~art _ 6f ‘thtr"CDnr<5gJnS"*J°P* 
onhHGacibssa-and theTronfoTthe capsule or the hip'jomtr Opposittfjhefifstjhrce 
lumbar vertebrae the kid ney \vit!fits~ Capsule ah'd" the surrounding adipos e tissue ov er^ 
laps its lateral side* witlTtTic descending colon in fronton the left side antf*lKg ascending 
colon In front pn~ thc ri ght side. Lower down the iliacu s musc le lies ori~ hs lateral 
side. The inferior vena cava"bh the ngRFsideT'ahcTth'e' inferior mese nteric vein on 
the. left side, ascend in front of the muscle in the retro-peritoneal tissue. 'The uretrr _ 
and the testicular or ovarian vessels descend downwards whereas renal ar.a colic 
vessels -pass latct'nlly'in front'of it'onboth sides.' " The 'external iliac vessel s lie inf dial 
to it in the pelvis whereas the femoral artery lies infront of itT>elow Ihc ingu^b 
ligament. The psoas minor muscle also descends "downwards" id frorft "of ftTjTnc 
liunbar jilcxtisjaLncn'es lies wi lhinitssu bstan cy/ 

Psoas minor. This muscle is present only in few cases and lies in front ofthe 
psoas major muscle. It arises from the bodies of the twelfth thoracic ar.d the fit** 
lumbar vertebrae and from the intervening disc between them. It is inserted into 
the pectineal line and the iliopubic eminence by a tendon. 

Action. It is a weak flexor of the trunk and tensor of the fascia iliaca- 

Jtofre supply. It is supplied by branches from the first and second lumbar 
nerves. 

Iliacus. Origin. It arises from the upper two-thirds of the iliac fossa, from 
the inner lip of the iliac crest and from the iliolumbar and the anterior sacroiliac 
ligaments. It forms a. tnungular muscle and its fibres converge to a hollow between 
the anterior inferior iliac spine and the iliopubic eminence to form a tendon which 
lies lateral to the psoas major muscle. 

Insertion. Majority of its fibres are inserted into the tendon of the psoas major 
muscle and a few fibres arc inserted into the base of the lesser trochanter and extend* 
trig into the shaft for about one inch. 
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Psoas fascia- It is continuous below with the fascia iliaca and above k is thiclcnd 
to form the medial arcuate ligament from which the diaphragm arises. Jlfet&ilh 
it is attached to the bodies and intervertebral discs of the upper three lumbar verte- 
brae. La'aaUy it fuses with the fascia covering the quadratus lumboruro (anterior 
lamella of the lumbar fascia) and is attached to the tips of the transverse processes 
of the upp'T three lumbar vertebrae. Medially it is pierced by the lumbar arteries 
and rami communicantes of the lumbar spinal nerves. Below and anteriorly it is 
pierced by tb< genitofemoral nerve. 

Applied Anatomy. The collection of pus under the psoas fascia either from 
tari*s spine of the dorsal region or of the lumbar region tabes the course either o! 
the psoas fascia or of the structures that pierce it. The pus from the dorsal region 
u a< Lj within this fascia by passing under the medial arcuate ligament. Taking 
the course of the psoas fascia the pus may reach the lesser trochanter of the femur 
('insertion of U»»* psoas) and cause a swelling in the femoral triangle. The fascia is 
pierced by ihe lumbosacral nerve trunk, obturator nerve and some of the lumbar 
vessels and nerves. Taking the course of the lumbar nerves it may reach the flank 
and point in the lumbar triangle or in the anterior abdominal wall. Following 
the obturator and the femoral nerve it may reach the thigh and taking the course 
of thr viatic nerve it may reach the gluteal region, then into the back of the thigh 
and 'he popliteal region under the fascia lata and the popliteal fasda and ultimately 
n mas reach even to the back of the heel under the fascia cruris. 

Quadratus Inmbonim. It is a quadrilateral-shaped muscle that fills up the 
gap lictwet a the last rib and the iliac crest. It arises by aponeurotic fibres from the 
posterior one-third of the inner lip of the iliac crest and from the iliolumbar ligament. 
It ts inserted by fleshy fibres to the medial half of the anterior surface and the lower 
Iwrdcr of the last rib* and by tendinous fibres to the tips of the transverse processes 
of the upper four lumbar vertebrae. 

Acres supply. It is supplied by the last thoracic and by the brandies from the 
upper three or four lumbar nerves. 

Actions. Acting singly it is the lateral flexor of the trunk and acting together, it 
is ihe weak extensor of the trunk. It fixes the last rib and helps in the inspiration. 

Jlelalion. It is covered in front by the anterior lamella of the lumbar fascia and 
is in relation with the kidney and colon (ascending on the right side and descending 
on the left side). It is covered above by the diaphragm muscle and is overlapped 
medially by the psoas major muscle. Lying in front of its covering fascia from aboi e 
downwards are the subcostal vessels and the subcostal, iliohypogastric and 
ilioinguinal nerves which intervene between its covering fascia and the renal fascia 
on the posterior aspect of the kidney. 

Intcrtransversarii (Laterals). These are short muscles that extend between 
the borders of the transverse processes of the two adjacent vertebrae. They arc 
supplied by anterior primary rami of the spinal nerves. 

Diaphragm muscle. It Is a dome-shaped musculo-aponeurotic partition 
that intervenes between the thorax and the abdomen and separates the two cavities 
from each other (complete separation of the two cavities is a feature of the mamma- 
lian characteristic). Its superior surface is concavo-convex having a rounded 
cupula on each side on which the base of the corresponding lung rests, and a central 
depressed area on which the heart lies and forms the floor of die thoracic cavity. 
The right^ cupula ascends to a level which corresponds to a line joining a point on 
the fifth rib half an inch below the right nipple to a point on the back half an inch 
below the inferior angle of the right scapula. The left cupula corresponds to a lute 
joining a point on the left fifth interspace one inch below the left nipple to a point 
on the back one inch beloVr the inferior angle of the left scapula. The central depressed 
area corresponds to a line joining a point on the xiphi-stemal articulation in front 
to the eighth thoracie spine on the back. The inferior surface of the diaphragm u 
deeply concave and forms the roof of the abdominal cavity. 
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Origin. The diaphragm arises in front from the xiphoid process of the sternum, 
from the lumbar vertebrae behind, and at the sides, from the inner aspects of the ribs 
and costal cartilages and hence its fibres of origin can be grouped accordingly as 
i sternal, costal and vertebral. . . 

The sternal fibres t arise, by two m uscular slim from the back of the xiphoid 
process of the sternum.' 

The costal fibres take their origin by five or six fleshy digi Cations from the inner 
surfaces of the lower sbe-ribs and cartilages on each side interdigitating with the 
transveisus abdominis muscle; — ' 

The gwTgftrgT fib res arise from the lateral and medial arcuate ligaments on each 
side and fr om the right 'and left crura. 

The l ateral arcuate ligament is derived from the fascia covering the quad rat us 
lumbomm'and is formed by an arched thic kened b and i a the-fas ^* p«g/>Q 
across the up per part of the quadratus Tumlmmm miiscl e. It is attached median v 
to the anterior aspect oF the" transverse process of the first lumbar vertebra and 
laterally to the anterior surface of the twelfth rib. 

The medial arcuate ligament is an arched thickened band in the fascia covering 
the upper part of the psoas major muscle. It is attached laterally to the anterior 
aspect of the transverse process of the first lumbar vertebra and medially to the 
anterior aspect of the body of the first lumbar vertebra. Medially each medial arcu- 
ate ligament is continuous with the corresponding crus of the diaphragm. 

The crura of the diaphragm . The crura of the diaphragm 3 re tendinous below 
at their origin and fleshy above. At their origin the tendinous fibres become fused 
with the. anterior longitudinal ligament. The medial margin of each crus is tendi- 
nous and they become continuous with each other above, in front of the abdominal 
aorta to form the median arcuate ligament. The right crus is longer and stouter than the 
left and arises from the front of the bodies of the upper three lumbar vertebrae and 
the corresponding intervertebral fibrocartilaginous discs. The left crus arises from 
the front of the bodies of the upper two lumbar vertebrae and from the intervertebral 
disc between them. 

Relations of the crura — Right crus. Anteriorly the right crus is in relation with the 
right kidney, right suprarenal gland, head of the pancreas and is crossed in front by 
the right renal artery, right middle suprarenal and right inferior phrenic arteries. 
The inferior vena cava ascends upwards in front of it being separated by the right 
suprarenal, renal and inferior phrenic arteries and the right cocliac ganglion. 
Posteriorly the right crus lies in front of the bodies of the upper three lumbar vertebrae 
together with the intervertebral discs and the anterior longitudinal ligament and the 
eisterna chyli, vena azygos and the upper two right lumbar arteries intervene 
between it and the anterior longitudinal ligament. 

Left crus. Anteriorly the left crus is related to the left cocliac ganglion, left middle 
suprarenal, renal and inferior phrenic arteries, the left suprarenal gland, left kidney 
and the body of the pancreas. Posteriorly the left crus lies in front of the bodies of 
the upper two lumbar vertebrae together with the intervertebral disc and the anterior 
longitudinal ligament. The first left lumbar artery intervenes between it and the 
anterior longitudinal ligament. 

Each crus is pierced by the greater, lesser and the lowest splanchnic nerves and 
the left crus in addition is pierced by the hemiazygos vein. The abdominal aorta 
together with the cocliac axis intervenes between the two crura. 

Insertion. From the different sources of origin the fibres converge centrally 
and are inserted to a central tendon. 

The sternal fibres are the shortest of all because of the more anterior position of 
the central tendon and are inserted into the anterior leaflet of the central tendon. 
The costal fibres are inserted into the antero-Iateral border of the lateral leaflet of 
the central tendon. The vertebral fibres arc the longest of all and are inserted into 
the posterior concaVe border of the central tendon. The fibres from (he right crus 
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Spread out as they ascend upwards and split up to enclose an elliptical opening, tfc 
esophageal opening. Tire fibres from the left crus similarly spread. Some of li 
fibres from its medial margin pass in front of the aorta to the right crus but ihu 
fibres never come to the formation of the oesophageal opening. 

Central Tendon. It is the dense, strong, roughly crescmie aponeurotic mcmbrac- 
situated in between the cupola, Into which the muscular fibres or the diaphragm ar 
inserted. Although it goes by the name “central” tendon it Is not central In positio 
but it is placed more anteriorly and consequently the sternal fibres become Uw 
shortest of all. Its posterior border is concave while its anterior border, though 
presents three prolongations, is convex in general outline. The anterior prolonga- 
tions are leaf-like and when seen together the central tendon resembles a trefoil leal 
consisting of one anterior and two lateral leaflets or lobes. 

Structurally it is a densely felted aponeurosis consisting- of closely interovra 
tendinous fibres. At its centre is a thick nodule at which bundles of fibres decussate 
like the letter X resembling a St. Andrew’s Cross. The central tendon is pierced 
by inferior vena cava and the opening lies on the right side of the cross. 

Relations — Pleural and pericardial. The superior surface of the diaphragm b 
covered by parietal pleura (diaphragmatic pleura) except its central region where 
the pericardium is adherent to it and for this, when the diaphragm is isolated from 
the body and we arc to determine the upper and lower surfaces, the adherent peri- 
cardium on the upper surface is a guide. 

S D The intimate relation of the pericardium with the central tendon of the diaphragm i“S- 
catei the corin' .on source of origin of the tv%o strocturesTrom the septum trarmmuin *n e 
life Both the caudal portion of the pericardium and the central tendon of the diaphragm are <Hi«n 
from the septum transvenum. 

Peritoneal. The inferior surface is covered by the parietal peritoneun except 
the region of the cmra and opposite the bare areas of the liver where the diaphragm 
is adherent to the latter. 

General. The upper surface of the diaphragm is related to the base of the lung on 
cither side and the inferior surface of the heart with the pericardium. On cither 
side, beyond the base of the lung, the upper surface is related to the chest wall from 
which il is separated by the costodiaphragmatic recess. It is also related to the 
cellular tissue of the anterior and posterior mediastinum. 

The lower surface from right to the left b related to the convex surface of the liver, 
fundus of the stomach, diaphragmatic surface of the spiral and the left colic flexurt- 

In addition the diaphragm is related to the structures that pierce it at diffcrriit 
places. The relations of the crura have already been described. 

Openings in the diaphragm. There are three large openings — vena caval 
oesophageal and aonic and several smaller openings. 

Vana eaval opening. It is square-shaped and is situated opposite the level ^f 
Ghro-cartilage between the eighth and ninth thoracic vertebra and a little to the 
right of the median plane. The opening passes through the central tendon of me 
diaphragm. ^ 

It transmits the inferior vena cava and a few branches from the right phrenic 
nerve. 

Oesophageal opening. It u oval in shape and is situated a little to the left of the 
median plane opposite to the level of the tenth thoracic vertebra. It b formed 
between the decussating fibres of the right crus of the diaphragm. The decussating 
fibres appear to act as a sphincter for the cardiac end of the stomach and prevents 
regurgitation of food into the oesophagus during respiration. . 

It transmits the oesophagus, the right and left vagus nerves, and the oesophageal 
branch of the left gastric artery with the accompanying vein. 

Aortic opening. It is an osseo-aponeurotic aperture, rounded in shape, situated 
^exactly in the median plane opposite the level oithe twelfth thoracic vertebra. The 
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aorta docs not pierce the diaphragm but passes behind the median arcuate ligament 
5n between the two crura. 

It transmits the descending thoracic aorta, the thoracic duct and the azygos 
vein in order from left to right. 

KB. The eortic opening it an osseo*aponeuro<ic opening and in fact the aorta does not pierce 
the diaphragm at all. It « bounded in front by thin median arcuate ligament and behind by the 
12 tli thoracic vertebra. The opening being an osseo-aponeurotic one and a iso being placed in between 
two crura, the aorta can maintain quite a free circulation in spite of the alternate contraction and 
relaxation of the diaphragm muscle, free circulation of blood through the aorta would have been 
impossible if it would pass through en infra-muscular opening. The \ena caval opening enlarges 
during inspiration due to the puU of the surrounding fleshy fibres and consequently its content is 
hurried on to the heart. The condition oflJ»e oesophageal opening during respiration has already- 
been said. 

Smaller openings in the diaphragm: 

(1) One is situated between the xiphoid slip and that from the seventh costa! 
cartilage. It transmits the superior epigastric vessels. 

(2) One is placed between the slips from the seventh and eighth costal carti- 
lages. It transmits the musculo-phrcnic vessels. 

(3) One is situated in between cadi pair of the remaining slips. Each one 
transmits the intercostal vessels and nerves to the abdominal wall. 

(4) Each crtis is perforated by the greater, lesser and the lowest splanchnic 
nerves. 

(5) The sympathetic trunk passes behind the medial arcuate ligament. 

(6) The subcostal vessels and nerves pass behind the lateral arcuate ligament. 

(7) The inferior hemiazygos vein pierces the left crus of the diaphragm in 
addition to the splanchnic nerves. 

Nerce supply. The diaphragm is supplied by (1 ) the phrenic nerve (C. 3, 4 and 5) 
which is both motor and sensory. It is the only motor nerve supplying the whole 
of the diaphragm. Its sensory filaments supply the central portion of the dia- 
phragm. (2) The lower six intercostal nerves which arc sensory nerves for 'the 
diaphragm supply die peripheral portions of the same muscle. (3) Some branches 
from the coeliac ganglion also supply the diaphragm and they are probably con- 
cerned with the tone of the muscle. 

Artery supply. The pericardiaco-phrenic and the musculo-phrcnic branches 
of the internal mammary artery, die superior phrenic branch of the thoracic aorta, 
the inferior phrenic branch of the abdominal aorta and the lower intercostal branches 
of the descending thoracic aorta supply the diaphragm. 

The veins are corresponding to the arteries. 

The lymph vessels from the diaphragm end into diaphragmatic, pre- and 
lateral aortic group of lymph nodes. The lymphatics of the opposite surfaces 
communicate freely with each other. 

Actions . (1) It is the chief muscle of inspiration and acts by mainly increasing the vertical 

diameter and partly the anteroposterior diameter of the thoracic cavity. This is brought 
about as follows: The twelfth rib is fixed by the quadratus lumborum and the 
other lower ribs are steadied by the serratus posterior inferior. Taking a fixed 
point at the lower ribs and at the vertebral column, the diaphragm contracts and as 
a result, the abdominal viscera are pushed down causing increase in the vertical 
diameter of the thoracic cavity; with continued contraction it takes the fixed point 
above at the central tendon and slightly elevates the lower ribs, and together with 
them, the upper ribs and the sternum arc also pushed forward and thereby causing 
increase in the antero-posterior diameter of the thoracic cavity. 

(2) It helps in expulsive forces as in dcfaecation, urination, parturition, coughing 
and sneezing by its sustained contraction at the end of the inspiratory phase. 

(3) The fibres of the right crus that decussate around the oesophageal opening 
act as sphincter for the oesophagus and prevent regurgitation of the food from the 
stomach to the oesophagus. 

(4) It aids circulation of blood by enlarging the vena caval opening and thereby 
speeding up flows through the inferior vena cava during its contraction. 


human anatomy 


Dmlopmal. Dcvclopmcntally diaphragm can be divided into 4 pan. ventral. , 
dorsal, and two lateral pans. The ventral part is develoned ’ 1 

tntimrraim, and the dorsal part from the mteodem. of the donal mramtrv ^e' 
lateral parts of the d.aphragm are derived from the pleuro-perilonra" membram- 
and from that portion of the mesoderm of the adjoining bo^y wall (L.RArcy) 
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»* 519 - The development of the diaphragm. 
(Schematic). 
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For practical purposes the whole of ‘the perineal region, is divided into two 
arts by passing a line in front of the anus joining the two ischial tuberosities. The 
rea in front of this line is known as the urogenital triangle and the area behind this is 
nown as the anal triangle-. 

Jrogenital triangle. Boundary : 

Base. It corresponds to an imaginary line that passes in front of the anus and 
xmncctt'fftc two ischial tuberosities. -- 

Apex . By the subpubic angle. 

Sides. By the ischio-pubic rami. 

If a vertical section is made through the urogenital region, the structures that 
occupy die different starts, from without inward^, arc as follows: 

(1) Skin. 

(2) Adipose layer of the superficial fascia. 

13) Membranous layer of the superficial fascia (fascia of Colies). 

(4) Layer of superficial perineal muscles and the superficial perineal vessels 
and nerves (scrotal vessels and nerves). 

(5) Perineal membrane. 



V (6) Layer of deep perineal muscles, the deep perineal vessels and nerves 

(internal pudendal vessels and the pudendal nerve), the bulbo-urcthral 

gland with its duct and the membranous portion of the urethra (in 

male), and urethra and vagina (in female). 

* (7) ' Parietal layer of the pelvic fascia (superior layer of urogenital diaphragm). 
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General fascial arrangement. The adipose layer ot the superficial fascia 
lies beneath the skin and forms the general investing layer and gains no bony attatkmirt 
but is continuous with the superficial fascia of the adjoining areas. The deep 
membranous layer of the superficial fascia (fascia of Colics], die perineal membrane > 
(inferior layer of the urogenital diaphragm) and the superior layer of the urogenital ) 
diaphragm gain bony attachments on cithersideto the ischio-pubic rami and by doing 
so they enclose two spaces amongst them and are known as the perineal pouches. 
The superior and the inferior layers of the urogenital diaphragm with the muscles 
enclosed between them form a septum or partition that stretches across the urogenital 
triangle and closes the pelvic outlet. This fibro-muscular partition is known as the 
urogenital diaphragm. 

Tascia of Colies or the membranous layer of the superficial fascia of 
the perineum. The fascia of Colics is the deep layer of the superficial fascia of the 
urogenital triangle. It is strong and membranous and covers the urogenital triangle 
winch is bounded on either side by the ischio-pubic rami, posteriorly, by an 
imaginary line connecting the anterior part of the two ischial tuberosities, and 
anteriorly, by the sub-pubic angle. 



Attachments. Posteriorly it winds round the superficial transverse perinea 1 
muscle and is blended with the base of the perineal membrane; on either side it 1 * 
attached to the ischio-pubic rami; anteriorly it is continuous with the superficial 
fascia of the scrotum (dartos tunic), which in turn, is continuous with the fascia 
'.he root of the penis and with the fascia of Scarpa (deep layer of the sl T t i r ' 
ficial fascia of the abdomen). Superiorly it is in relation with the contents of the 
superficial pouch of the perineum. 

'k/ S uperficial pouch of the perineum. The superficial pouch of the peri* 
.ncum is the interfascial space bounded superiorly by the perineal membrane aud 
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interiorly by the fascia of Colics. The space is closed from all sides except anteriorly 
where it follows the line of reflection of the dnrtos tunic. It is incompletely divided 
into two compartments by an imperfect median septum extending from the deep 
surface of the fascia of Colles to the bulbospongiosus muscle. 

Contents : 

(A) Muscles : 

(1) Ischiocavernosus — Lying against the ischio-pubic rami. 

(21 Bulbospongiosus — Occupying the median plane. 

(3) Transversus perinei supcrfirialis — Each passing transversely opposite 
the base of the urogenital triangle and joins with the fellow of its 
Opposite side, immediately above the anus, in the perineal body. 

(4) C.rura of the penis — It arises from the inferior ramus of the pubis 
and soon joins with the bulbospongiosus to form the root of the penis. 

(B) Vessels : 

(1) Scrotal vessels — They lie in the space between the ischiocavernosus 
and bulbospongiosus and intervene between the two scrotal nerves. 

(C) Nerves : 

(1) Scrotal nerves — They are two in number and lie on either side of 
the scrotal vessels. 

(D) Other structures : 

(I) Spongy urethra — It is surrounded by the bulbospongiosus. 

Structures piercing the perineal membrane. The perineal membrane 
is pierced by the following structures : 

At the base. Scrotal vessels and nerves. * 

At the marign close to the apex. The deep and the dorsal arteries of the penis. 

At the centre : 

(11 Urethra (membranous part) about one inch below the symphysis pubis. 

(2) Ducts of the bubo-urethral gland. 

(3) Arteries to the bulb of the penis or the vestibule in case of female. 

(4) Urethral artery. 

(5) Vagina in case of female. 

Besides these, the muscular branches from the perineal nerve also pierce the 
perineal membrane. 

Urogenital diaphragm. The urogenital diaphragm is a^fibro-rauscular 
partition which stretches across the urogenital triangle and shuts the anterior part 
of the pelvic outlet, and intervenes between the pelvic cavity ancP-the perineum. 
It consists of two muscles, transversus perenei profundus and the sphincter urethrae, 
and two fasciae, the superior layer of the urogenitaWBajihragm and the perineal 
membrane. These two muscles enclosed by tK&Twolayers of fasciae (perineal 
membrane and the superior layer of the urogenital diaphragm) constitute the forma- 
tion of the urogenital diaphragm. \J 

Superior fascia or the superior layer of ike urogenital diaphragm. The superior layer 
of the urogenital diaphragm lies deep to the muscles of the urogenital diaphragm 
and is derived from that portion of the pelvic fascia which covers the obturator 
internus (obturator fascia) . After covering the obturator internus it is attached to 
the iscluo-pubic rami and then passes medially and reaching the median plane, 
it becomes continuous with the fellow of its opposite side. Posteriorly it is fused with 
the perineal membrane. Anteriorly it is continuous with the sheath of the 
prostate. 

Inferior layer of the urogenital diaphragm or perineal membrane. The perineal mem- . 
brane or the inferior layer of the urogenital diaphragm is a triangular fascia and lies 
superificia! to the deep perineal musdes. On either side it is attached to the ischio- 
pubic rami. Posteriorly it blends with the superior layer of the urogenital diaphragm. 
Anteriorly it is fused with the latter and is thickened to form the transverse perinea!^ 
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ligament v hich stretches across the sub-pubic angle. A small pap between it and the 
inferior pubic ligament transmits the deep and dorsal vessels of the penis or clitoris. 

Tramersns tennei profundus. It arises from the pelvic surface of the ramus' of 
the ischium andruns horizontally to the median plane where it interlaces its fibre 
with the fellow of its opposite side and is inserted into the perineal body (central 
tendon of the perineum) . 

Sphincter urethrae. It arises from the pelvic surface of the ramus of the ischiua 
and pubis where ihev meet each other and is inserted around the membranous 
urethra. It consists of external and internal fibres. The external fibres, a j llicv 
approa< h the median plane, split into anterior and posterior groups of fibres whin 
pass in Uont of and behind the membranous portion of the urethra and end by 
blending with the corresponding fibres of the opposite side. The internal ftbtn 
ronshtuic circular fibres that surround the membranous portion of the urethra. 



The superior and inferior la>rn of the urogenital diaphragm enclose a space 
between them, the deep pouch of the perineum which, in addition to transversus perjnet 
profundus and sphincter urethrae, contains the following structures: 

(1) Vessels. Internal pudendal vessels; artery to the bulb or vestibule. 

(2) Nerves. Dorsal nerve of the penis or clitoris. 

(3) Muscles . Already mentioned. 

(4) Other structures. Membranous portion .of the urethra; bulbo-urethral 
glands, and vagina in case of female. 

Anal Triangle. Boundary ■. 

Base. It is formed by the imaginary line that passes in front^the anus and 
s connects the two ischial tuberosities. 
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Apex. By the coccyx. 

Sides. By the sacrotubcrous ligaments and the inferior margin of the glutens 
maximus muscle. 

, The posterior part of the pelvic outlet, that is, that portion of the pelvic outlet 
which lies opposite the anal triangle, is closed up in the recent state by a fibre- 
muscular partition, the peine diaphragm. This fibnwmiscular septum stretches from 
the lower part of the lateral wall of the true pelvis and descends downwards and 
medially so as to fuse together around the anus in the median plane. Due to the 
obliquity of the pelvic diaphragm, spaces arc formed on cither side between the 
inferior surface ol the pelvic diaphragm and the loner part of the lateral wall of the 
true pelvis and arc known as the ischiorectal fossae. Each fossa is filled up mostly 
by fat in the recent state and forms a pad on either side of the anal canal ana 
the anus. 

Ischiorectal fossa. The ischiorectal fossa is the interval between the 
pelvic diaphragm and the pelvic surface of the ischium. It is somewhat pyramidal 
m shape with its apex directed upwards and the hose downwards. Each measures 
about 2 inches in length, 1 inch in breadth and 2 inches in depth. Its lateral wall 
is vertical whereas its medial wall slopes downwards and medially. 


Boundary : 


Laterally. . 
ischium. ■' 


It is formed by the obturator internus with its covering fascia and the 


Medially. Its medial wall is formed by the levator ani, sphincter ani extemm 
and the anal fascia. 

Anteriorly. It is bounded by the transversus perinci stiperficialis.^^/ 

Posteriorly. It is bounded by the posterior margin of the gluteus maximus and 
the sacrotuberous ligament . J 

Apex. It is formed by the junction of anal fascia and the obturator fascia. 

Base or floor. It is formed by the skin and the superficial fascia. 

The superficial fascia of the ischiorectal fossa covers the floor of the space and lies 
beneath the skin. While it stretches across the fossa it gives out numerous fasciculi 
which dip into the fossa anti enclose Jobulatcd masses of fat that fill up the ischiorectal 
fossa. 

The deep fascia of the ischiorectal fossa lines the deepest portions of the fossa and 
as it docs so, tt forms a semilunar arch for which professor Elliot Smith designed it 
as lunate fascia. Medially it covers the fascia on the levator ani muscle, t.e. the anal 
fascia and ends by blending with the same at the lower end of the levator ani muscle. 
Laterally it covers the obturator fascia and is attached to the ischium. The internal 
pudendal vessels and pudendal nerve lie between these layers of fasciae and the , 
intcrfascial canal thus formed is known as the pudendal canal. Anteriorly the fascia J 
fuses with the urogenital diaphragm. The summit of the arch formed by the lunate 
fascia is known as the tegmentum. There is a space between this tegmentum and the 
apex of the fossa and is known as the suprategmental space which contains some fat. 

From the distribution of the superficial and the deep fasciae of the ischiorectal 
fossa it is evident that they are separated from each other by a considerable distance 
which is a peculiar feature of the fascial dispositions of the ischiorectal fossa. 


Contents : 

(1) Internal pudendal vessels lie in the pudendal canal on the lateral wall of the 
fossa. 

(2) Pudendal nerve. It divides into perineal nerve and dorsal nerve of the penis 
or clitoris of which the latter lies above the internal pudendal vessels and the former 
below it. 

(3) Scrotal nerves. The perineal nerve divides into scrotal nerves and lies in 
the anterior part of the fossa. 
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The pelvic diaphragm or the pelvic floor. The pelvic diaphragm doses 
the posterior part of the pejvic outlet and separates the pelvic cavity from the ischio- 
rectaiTossa and lorms 1 the pelvic Hoor. It consists of two muscles, levator ani and 
coccygeus which are covered superiorly by a thin layer of fascia, the superiorlaycr 
of the pelvic diaphragm and inferiorly by another layer of fascia, the inferior fascia 
of the pelvic, diaphragm (anal fascia). These two muscles enclosed by these txvo 
layers of fasciae constitute the pelvic diaphragm. 

Anatomically the muscles of the pelvic diaphragm, coccygeus and levator ani, 
form two different components but morphologically they belong to a single corporate 
unit consisting of three main parts, namely, ischio-coccygeus, ilio-coccygeus and 
pubo-coccygeus. The ischio-coccygeus is the anatomical coccygeus and the ilio- 
coccygeus and the pubo-coccygeus together form the anatomical levator ani muscle. 

Levator ani. This is a broad, muscular sheet which, with the fellow of its 
opposite side, forms the greater part of the pelvic diaphragm or floor and supports 
the pelvic viscera. 

.Origin. It arises, in front, from the pelvic surface of the body of the pubis, 
behind, from the inner aspect of the ischial spine, and in between these two points, 
from the tendinous arch of the pelvic fascia (the white line of the pelvic fascia). 

Insertion . From its origin the fibres pass towards the median plane and are 
inserted in the following ways: 

(1) The most anterior fibres (anterior part of pubo-coccygeus) pass backwards 
and downwards and are inserted into the perineal body. These fibres constitute 
the levator prostatae in the male, but in the female, the)' cross the sides of the vagina 
and form an important sphincter for the same (sphincter vaginae). 

(2) The succeeding fibres (posterior part of pubo-coccygeus), pass downwards 
and backwards across the sides of the prostate and the upper end of the anal canal, 
and opposite the ano-rectal flexure, they turn medially and become continuous with 
the fellow of the opposite side and with the posterior fibres of the deep part of the 
sphincter ani externus; some of its fibres are lost on the wall of the anal canal. 
This part of the musde is called the pubo-rectalis, the deeper fibres of which forms 
a U-shaped sling for the ano-rectal flexure from above. 

(3) The remaining fibres (ilio-coccygeus) descend downwards, medially and 
backwards and are inserted into the sides of the last txvo segments of the coccyx and 
into the ano-rectal raphe stretching between the coccyx and the anus. 

j Verve supply. It is supplied by a branch from the fourth sacral nerve and also 
by a branch from either the perineal or the infgrioiixe ctal -nerve. 

Relation. Its upper or superior surface is covered by the parietal layer of the pelvic fascia which 
separates it from the urinary bladder, rectum and parietal peritoneum in both the sexes, from the 
prostate and seminal vesicle in the male and from the vagina in the female. Its lower or perineal 
surface is covered by the anal fascia and forms the medial boundary of the ischiorectal fossa. Anteriorly 
the two muscles are separated from each other by a U-shaped gap through which anterior part of the 
prostate in the male, and vagina and urethra in the female pass Posteriorly its posterior border over- 
laps the anterior part of the coccygeus. 

Coccygeus . This muscle is well-developed in the tailed animals and is called 
the “agitator caudae". With the progress of evolution this muscle has retrogressed 
considerably in man because he has no tail and the muscle is no longer required to 
act as a tail muscle. The sacrospinous ligament on its back is its degenerated 
portion. 

Origin. It lies posterior to the levator ani muscle and is triangular in shape. 

It arises by its apex from the inner aspect of the ischial spine and the sacro-spinous 
ligament. 

Insertion, It is inserted by its broad base into the sides, of the first two segments 
of the coccyx and the l ast two pieces of th e sacrum (Cunningham). 

Nerve supply. It is supplied by branches from the fourth and the fifih sacral 
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Aelion. Both levator ani and coccygcus have the same action and they v.od 
in association as a single unit. Due to erect posture in man they are to support 
the weight of the pelvic viscera for which they arc to remain in a state maintain 
increased tone (postural tone). During increased intra-abdominal pressure they 
actively contract so as to draw the perineal body upwards and forwards and thus 
they prevent the prolapsing tendency of the pelvic viscera through the pelvic outlet. 
The puhorcctalis pari of the muscle acts as a sphincter for .the ano-rectal junction 
and during increased intra-abdominal pressure as in coughing, sneezing etc. it 
prevents incontinence of faeces. The sphincter vaginae acts as a sphincter for the i 
vagma. ” 

Comparative Anatomy. In pronogradc mammals the pelvic outlet docs not form the dependent 
part and therefore, they do not require the presence of a strong pelvic diaphragm but they ka't J 
tail to vvag and die muscle* or the pelvic diaphragm in man act as tail wagger (lad muscles) in 
and consequent!* they gain attachment in the caudal vertebrae. Tor the same reason the penert 
circumanal attachment vn man greatly differs from that in those animals where both ventral atw 
dorsal to die recti tr. the muscles of the two sides are separated from each other by gaps. Moree'C, 
in animals thr levator am gams its higher attachment m the pelvic brim whereas intnan it migrate* 
caudal'vards to pun Us secondary attachment in the pelvic wall. In orthogradc animals, such as to 
man, the peine outlet being the dependent part, the need for a stronger diaphragm is a nnrtsuty 
Therefore the ischio- and iluxoccygci in man take over die function of a strong but a clastic ois- 
phrajtin whereas the pubo-coccygei arc specially adapted to have controlling influence* over the anu 
canal and the vagina. „ 


. MUSCLES OF THE FRONT OF THE THIGH 

Supcrficlal fascia. It is the general investing fascia for the thigh and contains 
much adipose tissue in its meshes. It is not uniform in its thickness, thus in the 
region of the groin it is comparatively thicker and can be divisible into two layers, 
superficial and deep. The superficial layer is continuous above with the superficial 
fascia of the abdomen while the deep layer is more membranous and is fused vita 
the deep fascia. In between the two layers of the superficial fascia there intervene 
the superficial group of inguinal lymph nodes, the great (long) saphenous teat 
and some of the superficial vessels and nerves. Opposite the saphenous opening the 
deep layer of the superficial fascia is attached to its margins thereby closing the 
opening. This portion of the deep layer of the superficial fascia is perforated by 
the superficial branches of the femoral artery, the great saphenous vein and some 
of the superficial lymphatics. Due to the presence of these openings this portion of 
the fascia presents a cribriform (seive-Iifcc) appearance and is known as the CnbttJOTffl 
fasaa. 

Fascia Lola. The fascia lata is the deep fascia of the thigh. The term fiat 3 
has been so implied because of its extensive distribution. 

Attachment. Posteriorly and above, it is continuous with the deep fascia tf the 
buttock and through that it is attached to the back of thr sacrum, coccyx and the 
posterior pan of the iliac crest. Above and laterally, it is fixed to the whole length 
of the outer lip of the iliac crest. 

Anteriorly it is attached to the undersurface of the inguinal ligament and the 
pectineal line. Medially it is attached to the outer everted margin of the pubis 
and the ischium, the ischial tuberosity and sacrotuberous ligament. Belov »t 
fixed at all the bony prominences around the knee joint, and is attached to the veruc« 
margins of the patella, femoral condyles, tibial condyles and the head of the fibula. 
Below and posteriorly it is continuous with the popliteal fascia. 

Distribution. The fasda lata invests all the muscles of the thigh and presents 
some distinctive characters in its mode of distribution. From its attacliment to the 
anterior part of the iliac crest it descends downwards as a single layer to the 
border of the gluteus tnaximus muscle where it splits into two lamellae — superti^ 1 
and deep, which enclose the gluteus maximus muscle. At tire lower border of that 
muscle the two lamellae reunite to form a single layer which descends as far as the 
^knee joint. The deep lamella, when traced upwards, is found to pass beneath die 
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tensor fasciae latae and is adherent to the capsular ligament ofthe hip joint. Anteriorly, 
immediately below the Inguinal ligament, it consists of two distinct layers — super- 
ficial and deep. The superficial layer is attached to the undersurface of the whole 
length of the inguinal ligament and the pectineal line. From the latter attachment 
it descends downwards and laterally as a free falciform border forming the superior 
cornu or the saphenous opening which is a deficiency' in the fascia lata in this region, 
and then turns upwards and medially forming the inferior cornu of the saphenous 
opening and becomes continuous with the deep layer. 

The deep layer is fixed above to the pectineal line, medially to the margins of 
the pubic arch. It then passes beneath the femoral sheath and blends with the 
fascia covering the pect incus and the ilio-psoas. It is now evident that the super- 
ficial portion blends with the anterior wall of the femoral sheath whereas the deep 
layer joins with the posterior wait of the femoral sheath. The division of the fascia 
lata into superficial and deep layers in this region exists as far as the level of the distal 
border of the saphenous opening. 

Saphenous opening. It is a deficiency in the fascia lata just below the medial end 
of the inguinal ligament and it measures about one and a half inches in length and 
half an inch wide. It has two cornua, superior and inferior. The superior one 
is formed by the superficial part of the fascia lata and the inferior one is formed by 
the deep layer of the fascist lata. It is roofed over by the cribriform fascia, a thin 
layer of the fascia derived from the deep layer of the superficial fascia which is 
pierced by the lymphatics, the long saphenous vein, the superficial epigastric artery 
and the superficial external pudendal artery. 

The fascia lata in its course downwards through the thigh invests all the 
muscles of the thigh and sends out three distinct intermuscular septa which are 
attached to the linea aspera of the Femur. The medial intermuscular septum 
separates the extensors from the adductors of the thigh; the lateral separating ex- 
tensors from the flexors and the posterior one, which is the thinnest of all separates 
the adductors from the flexors. 

Characteristic features. The most characteristic feature of the fascia lata is that 
it is not uniformly thick and strong. Thus medially it is very thin, so much so that 
muscles shine through this. Laterally it is very thick and strong and appears to be 
more aponeurotic than fascial in its character. The portion extending from the 
anterior part of the iliac crest to the lateral aspect of the knee joint is especially 
thickened to form two distinct layers which unite opposite the middle of the thigh 
to form a single layer and is known as the iliotibial band or tract of the fascia lata. 
Into this ilio-tibial band the tensor fasciae latae and the superficial fibres of the gluteus 
tnaximus arc inserted. Its distal part therefore serves as an aponeurotic tendon by 
means of which the above two muscles gain their insertion into the lateral condyle 
of the tibia and the head of the fibula. 

Surgical importance of fascia lata. It is known that the fascia lata is firmly attached 
to the bony prominences of the knee joint both in front and at the sides but behind, 
opposite the popliteal fossa, it is continuous with the popliteal fascia which is continu- 
ous below with the fascia cruris. Any collection of pus under fascia lata may extend 
posteriorly under cover of the popliteal fascia and subsequently it may reach as far 
as the heel under cover of the fascia cruris. 

The muscles of the front of the thigh are as follows t 

(1) Quadriceps femoris: 

(а) Rectus femoris. 

(б) Vastus mcdialis. 

(c) Vastus lateralis. ^ 

(d) Vastus mtermediu3. 

12) Articularis Genu. 

(3) Sartorius. 

(4) Tensor fasciae latae. - i ( ‘f' v-. 
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inrolie° • . m ?’ dc ‘ T . he quadriceps femoris muscle as (he name 

"3S. cons ? ts four portions rectus femoris, vastus lateralis, vastus 

^ ' ,us - The three vasti muscles (lateralis, medialii 

ndthemieniicdiis) clothe the lateral, medial and the anterior aspects or the , 
lemur and are more or less blended with each other. The rectus femoris forms 



s 6 r ind 

,_ed heads. The strsMl b V”° tendinous heads— straight and rcfleet- 

~~ from , bg upjSsrpTn-QnTKrim^^ 
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spine while the refected head arises fror p the grn mv».m uhf- part of the acetabular 

margin of the .hipJbQneaimij£xgYn: of the gluteus min imiis and loins tliTstralg lit 
head at a right angl e. The refiectcclTieaci Vs tended wit h_lh e capsular ligament 
of the hip joint — The heath-afte r being united w ith , each other fo rm a fusiform 
belly which . occupies the fca aLo£jtlie_thigh. 

Insertion . In the Imvci_f>n e-third of t he t high the muscle ends in a flat tendo n 
which descends verticaHy down wa rds and a fter receiving~partianhsertioh i rony the 
vast* it is inserted jntbTheTtp perpart of the paldhT 

Vastus Lateralis. Origin. It arises .(i) from th e upper part of the trochante ric 
line, (n) fro m the an tcriou n cLi nferior aspect s oTthe g reat er troch an t^TiFthe lem ur. 

(m) from jhtllalExaUnarghijQfdhe gluteal tuberosity, (to) from die upper half of the 
lateial lip of the linea aspera and (e) fro m the lateral intermuscular septum. ' 

It is luserterTby a broad aponeurosis into the tendon of rectus femoris, the 
upper and the lateral borders of the patella and to the front of the lateral condyle 
of tibia by rctinacular fibres which replace the anterolateral part of the capsule of . 
the knee joint. <4* 

Vastus MeotAUS. Origin. It arises (i) from the lower part of the trochanteric 
line, («) from the spiral line of the femur, (ii£) firom-themedial lip of thelinejtaspgra, 

(&) from the upper two-thirds of the medial supra condylar lin e. Jrom_tlie4£lld on 

of the adductor-magijus and (oi) fronUherpediaUn tennus cular-sepUim. 

Insertion . It is inserted into the tendon of the rectus femoris, upper and to the 
medial margin of the petella and into the front of the medial condyle of the tibia by 
retlnacular fibres which replace the anteromedial part of the capsule of the knee 
joint. 

Vastus Intermedium. Origin. It arises from the anterior and the la tern I aspects 
of the upper three-fourths of the shaft of the femur and from the lo^y^-part of the 
lateral intermuscular septum. 

' insertion. It is inserted into the deep surface of the tendons of the rectus femoris 
and the other vast! and is attached to the upper part of the patella. 



fig. 555. The left patella; anterior and posterior aspects showing attachments. 

The Common tendon of quadriceps femoris . The four parts of the quadriceps femoris 
end into a strong aponeurotic trilaminar tendon which converge to the patella, gain 
attachment into it, and finally is attached to the tubercle of the tibia as jiga mentum 
patellae to gain its* ultimate insertion!. 

~ The trilaminar tendon consists of fibres arranged in three layers or lamellae; 
the fibres from the rectus femoris are attached to the anterior part of the base of the 
patella and constitute the anterior lamella; those from the vastus intermedins are 
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attached to the posterior part of the base of the patella forming the posterior lamella; 

— the intermediate lamella ft 
formed by the fibres of tbs 
vastus lateralis and mediali 
and extends from the base of 
die corresponding side of the 
patella in a plane between the 
anterior and the posterior 
lamellae. 

From the margins of the 
patella the aponeurotic fibres 
constitute the corresponding 
retinacuJar fibres which cover 
and replace the capsular liga- 
ment of the knee joint and gain 
attachment to the upper cud of 
tibia as mentioned above. 

A’efie supply. All the con- 
stituent s of the quadriceps 
femoris arc supplied by bran- 
ches from the poste rior-divi sion 
of the femoral nerve (L. 3 and 
4ji (The nerves supplying the 
three vast! also supply the knee 
joint and the nerve to the vastus 
intennedius in addition supplies 
the articular!* genu; the nerve 
to rectus femoris also supplies 
a twig to the liip joint.) 

Actions. The quadriceps 
femoris is the main txUnsor «/ 
the knee joint and thus adds to 
the propulsive force during run- 
ning, walking, jumping etc. 
The rectus femoris in addition i 
to extending the knee joint flexes 
the hip joint and this action 
is well manifested during kick- 
ing a football. It may be ob-. 
served while kicking _ high a . 
football that the hip is Hexed 
with extension or the knee, and 
due to this action the rectus 
femoris « often referred to as a 
“kicking muscle". When the 
thigh is fixed the rectus femoris 
flexes the pelvis on the head of ‘ 
the femur. This action of rectus 
Ternor'is is well marked while 
rising from recumbent to sitting 
posture. 

■ Articularis Genu. It 

arises from the anterior surface 
of the lower part of the shaft of 

... ... . the femur under, chver of me 

us uuermedius and is inserted into the supra-patellar bursa. 



CAMUUX UQAMf NT 


*M» COVtUO If JfNOVtM ► 


WKTSAl LMI 


Fjg. 556. The anterior view of left femur 
showing attachment*. 
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Nerve supply. It is supplied bya branch from thenerveto the vastus mtermedius. 

Action. During extension of the knee joint it pulls the supra-pateliar bursa 
upwards and thereby prevents it from being puckered during extension. 

Sartorius. Origin. It is the largest muscle in the body and arises from the 
anterior-superior iliac spine and from the upper-half of the notch below it. From 
its origin it descends obliquely downwards and medially across the thigh from 
lateral to the medial side as a strap and forms the lateral wall of the femoral triangle 
and the roof of the jidductor canal and finally passes behind the medial condyle of 
the femur to reach its" insertion on the tibia. 

Insertion. It ends in a flat tendon which is inserted into the upper part of the 
medial surface of the sh aft _<? f the tibia in front or the gracilis and the semitendinosus. 
Tis iemioir ol imertion~is separated from the tendons of gracilis and semitendinosus 
by a bursa and gives out two expansions, one anterior, blending with the capsular 
ligament of the knee joint, and the other posterior, blending with the deep fascia on 
the medial side of the leg. 

Nerve supply. It is supplied by a hranch from the anterior division of the femoral 
nerve through intermediate cutaneous nerve of the thigh (L. 2 and 31. 

The sartorius muscle is pierced two nerves, the intermediate cutaneous nerve 
of the thigh and the infrapatellar branch of the saphenous nerve. The intermediate 
cutaneous nerve pierces it below its origin in the region of the femoral triangle 
while the infrapatellar branch of the saphenous nerve pierces it above its insertion 
on the medial side of the knee joint. 

ririion, It is the flexor or the knee joint and the abductor and the lateral rotator 
of hip joint. (It is the only muscle in front of the thigh that Jlexcs the knee joint). 
Acting from below it flexes the pelvis on the same side and rotates it towards the 
opposite side. 

Tensor fasciae latae. Origin. It arises from the anterior 5 cm. of the outer 
lip of the iliac crest, from the outer margin of the anterior superior iliac spine , from 
' theljuter margin of the notch below it and also from the deep surface of the* fascia 
lata. 

Insertion. It is inserted between the two layers of the ilio-tibial tract or band of 
the fascia lata opposite the junction of the middle and the upper-third of the thigh. 

Nerve supply . It is supplied by a branch from the superior gluteal nerve (L. 4, 
5andS. 1). 

Action. It tightens the fascia lata and the ilio-tibial tract and thereby helps 
in the extension of the knee joint. 


MUSCLES ON THE MEDIAL ASPECT OF THE THIGH 

The muscles on the medial aspect of the thigh are arranged into three strata — 
superficial, intermediate and deep. The muscles in the superficial stratum are, from 
medial to lateral side, the gracilis, adductor longus and the pectineus. Lying 
beneath the adductor longus and pectineus in the next (intermediate stratum) 
layer is the adductor brevis muscle while in the deep stratum is the adductor 
tnagnus. In between these three muscular layers there are two intermuscular 
spaces— one between the adductor longus and adductor brevis in which there 
lies the anterior branch of the obturator nerve, and another, between the adductor 
brevis and adductor magnus in which there lies the posterior division of the 
obturator nerve. Except the gracilis which is also a muscle of the knee joint all the 
other muscles in this region are the muscles of the hip joint. 

Adductor longus. Origin. It is a triangular muscle and .arise s by a round ed 
small tendon from the anterior aspect of the .body of the pubis immecnately THow 
the angle formed by the pubic crest and the superior’ ramus oi the pubis. 
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Insertion. 


It soon forms a tri.mmilar muscular belly which descend, ,h . 

wards, backwards and laterally' 
and is inserted by aponeurotic 
fibres into the middle-third of 
the linen aspera between the 
\iistus medians' and the addue-‘ 
tor magnus. 

JWrnv supply. It is suppG* 
ed by the antcrior_diiision of 
the obturator nerve. (I„T 2 
a nd 3), 

Actions. 1 1 i» the adductor, 
(lexer and lateral rotator of tie 
hip joint. While in riding the, 
action of adduction is best 
manifested when the saddle is 
grasped between the thighs. 

Adductor magnus. Jtix 
a long triangular muscle which 
extends throughout the whole 
length of the thigh and occupies 
itspostero-medial aspect. It is 
a composite muscle formed b) ■ 
fusion of an adductor mass and 
a hamstring mass and hence, 
the muscle has double nerve _ 
supply. 

Origin. It arises fromthc 
lateral half of die lower trwn* 
gufcr part of die ischial tuber- 



osity, from the externa! surface 
'the 


of the ramus of the ischium and 
from external surface of the 
inferior ramus of the pubis. 

Insertion. It is inserted in- 
to the femur as follows : 

(!) Its pubic fibres pass 
horizontally latcralwards and 
are inserted into the medial 
margin of the gluteal tuberosity 
of the femur. 

(2) The fibres from the 
ramus of die ischium descend 
obliquely downwards and late- 
rally and end in an aponeurosis 
which is inserted into die linca. 
aspera and into the upper part 
of the medial supraconrijlar 

fine. 

(3) The remaining fibres, 
that 5s, the fibres from the 
ischial tuberosity descend verti- 
cally downwards and form a 
rounded tendon which is insert- 
ed into the adductor tubercle on 
the medial condyle of the femur. 
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cumin nttnus. 

cionus m'nimos 


Relations. Anteriorly it ii covered by the adductor longus, adductor I) re vis and sartorius. Hie 
factor brevis intervenes between it and the adductor longus in the upper part of the thigh. The 
aVteria profunda fcjnoris at first is separated from it by die adductor brevis and then intervenes between 
iddsnd the adductor longus. The 
femoral vessels lie in front of it oppo- 
site the sub-sartorial canal. Poste- 
riorly it u covered by the hamstring 
muscle and is to relation with the 
sciatic nerve. 

In the line of attachment of the 
adductor magrmt to the femur there 
are five cmeo-aponeurotic openings for 
the passage of blood vessels. 'Hie 
upper four openings are traversed by 
the four perforating branches of the 
artcria profunda femoris and the last 
one, which is the largest of all, is 
traversed by the femoral vessels and is 
situated at the line or fusion between 
the hamstring mass and the adductor 
man at the junction of middle with 
the lowrr-thircl of the thigh. The 
upper border of the muscle run* hori- 
zontally latcratward* and ends m a 
free bordrt which runs, edge to edge, 
with the lower border of rjuadraius 
femoris. The transverse branch of the 
medial circumflex femoral artery passes 
between the two muscles to join the 
cruciate anastomosis at the lowrr 
border of the greater trochanter of the 
femur. In erect posture its upper 
border, in its course latcraKvards, 
crosses the lesser trochanter of the 
femur from which it is separated by a 
buna. 

jYmr supply. Its adductor 
part is supplied by tlic poste- , 
rior division or the obturator-' 
nerve (L. 2 and 3) and its 
hamstring part by a branch 
from the medial popliteal divi- 
sionof the sciatic nerve (L*-3,- v / omusato* wave 
4 and 0). ^ 

Action. Its adductor pa^_y 
is a strong adductor, a we ah sumtonniDui 
flexor ana a lateral rotator of 
the thigh in the hip joint ; its 
hamstring part is an extensor . 
and a medial rotator of tl\oJ 
thigh in the hip joint. 

Comparative Anatomy, In many 
lower vertebrates ihe hanutnngportion 
of the adductor magnu*, that is, the 
fibres that arise from the ischial tu- 
berosity, is inserted into the tibia and is 
known as '‘prescmimembranosus”. fn 
man the medial ligament of the knee 
joint represents its degenerated distal 
attachment to the tibia. 

Adductor brevis. It is 

the smallest of the adductor . , • ■ - , , 

muscles, triangular in shape and lies t*neath the adductor longus and the pectmeus. 

Origin. It arises from the femoral surface of the body and the inferior -ramus 
of the pubis between the gracilis and theobturator extemus.^J' , 



> J58. The back of the right thigh, hip bone and the 
^pper leg. Note the disposition of the muscles and 
the popliteal artery with its branches. 
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Insertion. It becomes aponeurotic and is instiled imo the femur afotvg the let 
leading from the lesser trochanter to the upper part of the linea aspera immediate!: 
behind tlte peel incus. 

jYerre supply. It 5s supplied by the anterior division of the obturator ntnr 
(L. 2, 3 and 4). 

Action. Same as adductor longus. 

Gracilis. It is a long ribbon-like flat muscle which descends vertically Atm 
wards on the most medial aspect of the diigh and is the most superficial one amoc$ 
the adductor members of the thigh. 

Origin It arises from the anterior aspect of the body and the inferior ranit 
of the pubis and from the anterior aspect of the ramus of the ischium. It forms 
ribhon-Uk<. muscular belly which descends vertically downwards, and before ii 
termination, it passes behind the medial condyle of the femur and tibia. 

Insert ten It is inserted into the upper part or the medial surface of the tibia 
behind die 'art onus and above the semitendmosus muscle. 

.Ymt supply. It is supplicd'ljy the anterior division of the obturator nerve 
I L 2. 3 and 4). 

Action It is the adductor, flexor and medial rotator of the hip joint. It is also 
a weak flexor of the knee joint. 

Pcctineus. It is a quadrilateral-shaped muscle situated in the floor of the 
femoral triangle in between the psoas tendon and the adductor longus muscle. 

Origin 'It airsrs from the pectineal line and from the adjoining pectineal 
surface of the superior ramus of the pubis. 

Insertion. It descends downwards, backwards and laterally and is inserted into 
a line descending downwards from the lower part of the lesser trochanter to the 
Imea aspera of the femur. . 

difwitr. It is the flexor and add&ttor of the hip joint and also rotates the thigh 
latcralward. 

Xerve supply. It is supplied by the nerve to the pcctineus from the femoral 
nerve (L. 2 and 3), by the anterior branch of the obturator nerve (L. 2 and 3) 
by the accessory obturator nerve when it exists. Its double nerve supply indicate 
its foetal origin from both the compartments of the thigh, flexor and extensor. 


THE MUSCLES AND FASCIA OF THE GLUTEAL REGION 

Deep Fascia. The deep fascia of the gluteal region is the upward continuation 
of she C java. lata. Ate ; A : a a\ta*i rcd Vo \Vie 'let as. nesi mti posUrcmly Vr» \Va sa/xum 
and coccyx. Anteriorly it is .thick and membranous and covers die anterior part 
of the gluteus medius muscle ^'reaching the upper border of the gluteus max until 
it splits into two lamellae which enclose the gluteus maxim us muscle and then 
reaching its lower border reunite to form a single layer which is continuous w,h 
the deep fascia of the thigh. 

/ The contrasting feature of die fascia is that, anteriorly, where it covers the 
I gluteus medius, it is wry strong and membranous but where it covere die gluteus 
1 rnaximm it is thin and delicate. 

Gluteus raasmus. It is the most superficial of the gluteal muscles and b a 
quadrilateral-shaped large muscle which is responsible for 1 ) the promrursi of tie 
buttock. The gluteal prominence is a human cliarac-terisdc and is due to the 
erect posture assumed by man. 

Ori§j n - I* arises (i/ from the lateral surface of the ilium between the posterior- 
tilth of the iliac crest and the posterior gluteal line, (tij from the sides of die last two 
segments of the sacrum and the first three segments of the coccyx^ (iii) from the 
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posterior surface of the sacrotuberous ligament, (ta) Horn the posterior layer of the 
gluteal aponeurosis and (a) from the fascia covering the sacrospinal is muscle. 

Insertion.^ It consists of superficial and deep fibres. All the superficial fibres 
arc inserted into the iliotibial tract while the deep fibres of the upper-half similarly 
pass to the iliotibial tract. The deep fibies of the lower-balf are inserted to the 
gluteal tuberosity on the back of the femur. 

Nerve supply. It is supplied by the inferior gluteal nerve (L. 5 and S, 1,2). 

Action. Acting from above it is the extensor and lateral rotator of the hip 
joint, tensor of the fascia lata and also a weak extensor of the knee joint through 
the iliotibial tract. It also adducts the thigh during extension and abducts it during 
flexion. It is also a powerful tmtPgravity muscle. Acting from below it extends 
the trunk on the femur as in getting up From stooping to erect posture. 

The movement of extension by gluteus maximus is associated with extremes of 
movement of the hip joint as in running, jumping, and in rising the stairs. During 
ordinary walking its activity as an extensor is very little or it fails to become active. 
It appears that during extremes of movement the muscle gets a better leverage 
to work than in ordinary movement. 

Structure tying deep to Gluteus Maximus : 

t A ysBones: 

v (a) Ischial tuberosity. 

(ft) Greater trochanter of the femur. 

\QsBursa: 

(a) Over the tuber ischii. 

(ft) Between the gluteus maximus and the vastus lateralis. 

( c ) Between the greater trochanter and the iliotibial tract. 

C '.Jtl useless 

(a) Gluteus medius. 

(ft) Piriformis. 

(4 Gemellus superior, gemellus inferior and the tendon of obturator interims. 

( d ) Tendon of obturator extemus. 

(e) Qpadratus femoris. 

(/) Adductor magnus. 

(g) Origin of biceps femoris, semimembranosus and semi tend inosus (Ham- 
string muscles). 

(ft) Part of origin of the vastus lateralis. 


Q^igamenls : Sacrotuberous and sacrospinous ligaments. 


E. Blood vessels: 


(a) Superior gluteal. 

(ft) Inferior gluteal. 

(c) Internal pudendal. 

(d) Ascending and transverse branches of medial circumflex femoral artery. 

(e) First perforating branch of the artcria profunda femoris, 

F. Nerves : 


! a) Superior gluteal, 
ft) Inferior gluteal, 
c) Sciatic. 

(d) Pudendal. ^ 

(A Posterior femoral cutaneous nerve. 

(Y) Nerve to the obturator intemus.'^' 
fe) Nerve to the quadratus femoris. . — - 
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Dispositions of the muscles under cover of the gluteus maximus. As soon 
as the gluteus maximus is reflected the following muscles will be noticed from above 
downwards: t « - 1 

(1) Gluteus medius. It lies partly under cover of and partly afjove and 
*m front of the tipper border of the glutens maximus. 

(2) Piriformis. 

(3) Gemellus superior. 

14) Obturator internus. 









'^"-■ADOUCT^* »M VI * 


oaruwio* i*Tt*Nus adpuctoi macnos 


Tig. 559. The external view of the right hip hone to show the nvtntrul&r mtschir.tnU 
with *ome of the relations. 

(5) Gemellus inferior, 

(6) Quadratus femoria. 

(7) "Upper portion or the adductor magmts. , 

_ Deep to the quadratus femoris and the upper part of the adductor magnus suw 

arising from the ischial tuberosity from lateral to medial side are the following: 

(8) Biceps femoris. 

(9) Scmitendinosus- 

(10) Ischial portion of the adductor magnus. 

Under cover of the gluteus medius there lies the gluteus minimus; under cover 
of the quadratus femoris is the tendon of the obturator extemus and under cover o 
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t and in between the common tendon of semitendinosus and long head of the biceps 
femoris is the semimembranosus. The gluteus minimus hides the tendon of origin 
of the reflected head of the rectus femoris muscle. 

Glutens minimus muscle. Origin and insertion. It is a triangular muscle 
which lies under cover of the gluteus medius and is the smallest of the three glutei 
muscles. It arises from the external surface of the ilium between the middle and 
inferior gluteal lines and is inserted into the anterior surface of the greater trochanter. 
The muscle is intimately connected at its insertion with the capsule of the hip joint. 

Nerve supply. It is supplied by the superior gluteal nerve (L. 4, 5 and S. 1). 

Actions. Acting from above it is the abductor of the hip joint. It also rotates 
the thigh medially during flexion and rotates it laterally during extension. 
Acting from below, that is, when the femur is fixed it tilts the pelvis laterally as in 
standing on one leg, and thus acting from opposite side, it prevents sagging down 
of the pelvis on the unsupported side when the leg is off the ground. This is 
one of the most important action of both gluteus medius and minimus and is called 
into play during walking, when during propulsion, one leg is to carry the weight of 
the body. 

Relation. Superficially the gluteus minimus js overlapped by the gluteus 
medius muscle and between this muscle and the gluteus medius are the superior 
gluteal vessels and the superior gluteal nerve. Deep to the gluteus minimus muscle 
are the reflected tendon oftheTectus femoris and the capsule of the hip joint. 

Gluteus medius. It is a triangular muscle which lies partly under cover 
of the gluteus maximus; its anterior part is superficial being covered only by the skin 
superficial and the deep fasciae. ' 

Origin. It arises from the out$r surface of the ilium between the posterior 
gluteal line and the iliac crest above and the middle gluteal line below; and some 
of its fibres also arise from the strong fascia that covers this muscle. 

Insertion. The fibres converge to a flat tendon which is inserted into the 
oblique ridge on the lateral surface of the greater trochanter of the femur. 

Nerve supply. It is supplied by the superior gluteal nerve (L, 4, 5 and S. 1). 

Action. Acting from the pelvis the gluteus medius abducts the thigh and rotates 
it medially. Acting from the femur it causes slight rotation of the pelvis and keeps 
the transverse axis of the pelvis in horizontal position when the opposite limb is off 
the ground as in walking and running. 

Obturator externus. It is a triangular muscle which lies under cover o f the 
quadratus femoris mu scle and passeTba ckwa rds and laterally from fts^rigtir to its 
insertion, ” * 

Origin. , It arises from the lateral aspect of the anterior two-thirds of the obtu- 
rator membrane, from the lateral surface of the rami of the pubis and ischium and 
from the obturator surface of the superior ramus of the pubis. 

Insertion. The muscle ends in a tendon which passes through a groove between 
the acetabulum and the tuberosity of the ischium and is inserted into tht Atrorhan- 
terir fossa of the femurj 

In its course it passes backwards and laterally beneath the neck of the femur 
, to gain its posterior aspect where it usually produces an impression. A bursa may 
be interposed between the tendon and the bone. 

Nerve supply. It is supplied by the posterior division of the obturator nerve 
(L. 3 and 4). 

Actions. It is the lateral rotator of the thigh and stabilises the proximal part 
of the femur. * 

Obturator interims. It arises from within the pelvic cavity and comes ouf 
from the same through the lesser sciatic foramen and closes the obturator foramen 
from the internal aspect. 
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Origin. I is fibres take origin from the pelvic surface of the rami of the Ischium 
and pubis, obturator membrane, body of the pubis and From the lower pelvic surface 
of the ilium. 



Fig._5G0. The structures under the gluteus maxiram. From the d meet ion hall, N- R- 
Sirear Medical College, Cal; with the kind perrntsjion from the Prof, of Anatomy. 


Insertion. It ends in a tendon which makes a right-angled bend to wind round 
the lesser sciatic foramen where it unites with the gemellus superior et inferior and 
Forms a common tendon of insertion which passes through the groove above the 
ischial tuberosity. Then it is inserted into the medial surface of the greater trochanter 
of the femur above and in ftont of the trochanteric fossa. In its course the tendon 
crosses the posterior part of the capsular ligament, 

Js'erce supply. It is supplied by the nerve to the obturator intemus (L. 5 and 
S. 1,2). 

Actions. Together with the gemellus superior et inferior it rotates the thigh 
laterally. 

Gemellus superior. It arises from the outer surface and the lower border of 
the ischial spine and soon joins with the obturator intemus tendon and is inserted 
into the medial surface of the greater trochanter above and in front of the 
\ trochanteric fossa. 
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Nerve supply. It is supplied by the nerve to the obturator intemus {L. K 5 
and S. 

Actions. Same as obturator intemus. 

Gemellus inferior. It arises from the upper part of the ischial tuberosity 
immediately above the groove for the 
obturator intemus and soon joins the 
latter muscle and through its tendon 
it receives its insertion. 

Nerve supply . It is supplied bv 
the nerve to the quadratic femoris (L. 

4, 5 and S. 1). 

Action. Same as obturator in- 
temus,. 

Qaadratus femoris. It is a 
quadrilateral-shaped muscle and covers 
the obturator externus tendon. It arises 
from the anterior surface of the body of 
the ischium in front of the ischial tuber- 
osity and is inserted into the quadrate 
tubercle on the trochanteric crest of the 
femur. 

Nerve supply. It is supplied by 
the nerve to the quadratus femoris (L. 

4, 5 and S. 1). 

Actions. It rotates the thigh la- 
terally. . > 

Piriformis. It arises from the 
margins of the anterior sacral foramina 
of the sacrum, from the bar of bone that 
separates the anterior sacral foramina, 
from the upper border of the greater 
sciatic notch and from the upper surface 
of the sacrotuberous ligament. It comes 
out of the pelvis through the greater 
sciatic foramen and is inserted by a ten- 
don into a depression on .the upper bor- 
der of the greater trochanter or the 
femur. 

Nerve supply. It i$ supplied by 
branches from the first and second sacral 
nerves. 

Action. It rotates the thigh la- 
terally. 



Fanetfo&al e!**« 16 cal Ion* of the rae»- 
cltt around the Wp joint : 

(A) Flexors of the hip joint t 

(1) lUacus ) 

(2) Psoas } 


Fig. 561. Some of the mottles are in active 
contraction («een from the right tide). tV’ilh 
the kind court fry of “Biivra. Sree" Monotodi Roy. 


Prime mover. 


fS) Pcctineus 
(41 Rectus femoris 
(5l Sartorius 
(6) Adductors 


Synergists. 
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(B) Extensors or ihe hip joints 

(1) Gluteus maxjimis— Prime mover. 

(2) Hamstrings — Synergists. 


(C) Abductors of tbe hip joint: 

(1) Gluteus medius j 

(2) Gluteus minimus 1 Prime mover. 

(3) Tensor fasciae latae ) 

(4) Sartorius — Synergist. 

(D) Adductors of the hip joint : 

(1) Adductor longus 

(2) Adductor brevis > Prime mover. 

(3) Adductor magnrn ) 


(4) Pectmeus 

(5) Gracilis 


Synergists. 


(E) Medial rotators of the hip joint t 

(1) Tensor fasciae latae. 

(2) Gluteus minimus et medius. 


(Fl Lateral rotators of the hip joint : 

(1) Obturator imemus ct extemus ) 

(2) Gemellus superior et inferior > Prime mover. 

(3) Quadratics lemoris ) 

(41 Piriformis, gluteus maximus, sartorius and the adductors— SynerguU. 


BACK OF THE THIGH 


Hamstrings. The biceps femoris, semimembranosus and semitendinosus musdw 
arc collectively called the Jiamstring muscles. They form the principal muscles on 
the back of the thigh, and opposite die lower-third of the thigh, they form wo diver* 
ging groups of muscles, of which, the semimembranosus and semitendinosus pass to 
the medial side of the knee joint and biceps femoris passes to the lateral side of Wf 
knee joint and they form the medial and lateral hamstrings respectively. As W? 
diverge they form the popliteal fossa. 

pacli hamstring muscle bears the following common characteristics : 
ill* Each arises from the ischial tuberosity 

vvO »lt is inserted into one or the other of the two bones of the leg. 

N^ylt is supplied by the medial or tibial division of the sciatic nerve. . , 

Considering the above facts the portion of the adductor magnus arising from 
the ischial tuberosity may be taken into account as one of the hamstring muscles a 1511 
thus constituting the fourth muscle of the hamstring group. _ t , , 

The reason for this is that U arises from the ischial tuberosity, it is suppbeu 
by the medial division of the sciatic nerve and in embryonic life it gained its inser- 
tion into the tibia through the medial ligament of the knee joint wliich 4»-dic figE2 , u * 
remains of the embryonic insertion of the a dductor magnu s. Similarly the short 
head of the biceps femoris cannot be counted as a member or the hamstrings because 
it arises from the linea aspera instead of from the ischial tuberosity and it is enerva- 
ted through the lateral division of the sciatic nerve. 


Biceps femoris. It arises by two heads — long and short. 

The long head arises from the lower and medial part of the ischial tuberosity 
in common with the semitendinosus and also from the adjoi ning part of the sacro- 
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tuberous ligament*. Jj .descends obliquely downwards from medial to lateral side 
crossing- lhc_sciatir_ n rr v r u in -iis^iir^^cLlo pposife Fhe lower-third 61 {tie thigh 
it joins its short head. The short head arises from the I/ncajispera^iroin-thejipper 
part o f theJatcral supracondylar line a nd_from.the lateral interr ’ 



Tig. 5C2. The back of the right thigh and hip after partial removal or the gluteus maxi- 
mus. From the diixctbn haV, N. R. Sircar Medical College, Cal; with the kind 
permission from the Prof, of Anatomy. 


It joins the long he ad and form s a tendon which splits into two limbs to em brace 
the lateral ligament'ol the Jmee.joint ind is finally inserted into the upper and lateral 
part of the Read of tlieffEnlair*Sonie of its fibres may extend into the adjoining 
portion of the lateral condyle of the tibia. 
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Actions. It flexes the knee joint and rotates it medially, v 

JfJL . hamstring musdes acting together Ilex th e knee joint and ext end 
the hip joint and consequently when the thigh is fully’ flexed ontheiHif (omen full 
extension of tficTTmcc joint is impossible , v ^ 

Hybrid or co mposite muscle s. The t hat nrr s up plied bv two or 

more nerves of dijiefcntjTn gTn^invc^usiiallv more than one componen t parts during 
morphol og ical Ii fe ; which inTater lifcTnrr amalgamated to Totm a single mufclelmd 
are know n as A)5r)V | or emt'dift mifeh/. i he. adductor magnus, which tsa composit e 
muscle, c onsists ofuvo" distinct muscles in early embryonic life and they occu py 
the morph ojogical fiont aspect of the thiglu ^i ne obturator YieTv'c and the medial 
division df'thc sc iatic arc tlic nerves of the morphologica l front and the two diffe rent 
portions of the adductor magnus rec eive their nerve supply from these two differen t 
negve a. D uring later penotTof cm?Inmnr^if<H7T c t iwo p anT^ThcHd^iiciov magm is 
arc amalgamated to form a single m uscle and du e to rot ation of the limb it comes to 
occupy the back of the, thigh. And this explains thc'Iom ; ce~oFTls _ Hoin3lFherve 
supply. The bleeps femoris is also a composit e muscle and in morphological life 
the two different heads of the biceps constitute "two different mu scles of wh icKIthe 
long head lies in’ the "morphological lront region and is suppli ed by the medial d ivi- 
sion of the scia tlf iicrs'c .whilltJs a ne rve of thc'm qrphoIo gicaTTr ont, and the short 
head lies in the morphological back region and "is supplicoby The lateral division 
of the sciatic nerve which is a nerve of the mor p hological bac k. Pectineus is a lso an 
example of th e composite muscle an d has dou ble nerve supply (femoral'and t tfclflfi" 
turator nerve). ~ ' “ ~ 

N.B. The femoral nerve and the la teral division of the sciatic nerve are th e 
nerves of the morph ological bark tbi>_ obiurato r nerve and the mcdiafjjmsTo n 
of the sciatic nerve are the nerves of t he morphologicaT fronts. Due t o rotation, th e 
muscles that we finiTin the ant erior or front, reg ion during early embryomcTife , 
becomes the back mus cles during later life and so is the case with the nervesT 

NEUROLOGICAL VALUE OF THE MUSCLES OF THE THIGH AND GLUTEAL REGIONS* 


Muscles supplied by the obturator nerve (L. 2, 3 and 4) } 

(1) Gracilis (L. 2, 3 and 4).'-"“ 1 

(2) Adductor longus (L. 2 and £ Through its anterior branch. 

(3) Pectineus (L, 2, 3 and ) 

(4) Obturator extern us (L. 3 and 

(5) Adductor brevis (L. 2, 3 and 4)y* > Through its posterior branch. 
(5) Adductor inagmx (L. 3 and 4).*^) 

Muscles supplied by the femoral nerve: 

(1) Pectineus. 

f2) Sartorius (L, 2 and 3 through anterior divisions). 

(3) Quadriceps femoris (L. 2, 3 and 4 through posterior btanches). 

(a) Rectus femoris. 

(bj Vastus lateralis. 

(c) Vastus medialis. 

(d) Vastus intermedius. 

(4) Articularisjrenu (through the nerve to the vastus intermedius). 
Muscles supplied by the superior gluteal nerve : 

f 11 Gluteus medius (L. 4, 5 and S. 1). / 

(2) Gluteus minimus (L. 4, 5 and S. 1). >S 

(3) Tensor fasciae latae (L. 4, 5 and S. 1). 

Muscles supplied by the inferior gluteal nerve : 

(I) Gluteus maximus (L. 5 and S. 1,2). 

Muscles supplied by the nerve to the obturator internus : 

(I) Obturator internus (L. 5 and S. I, 2). 

\2) Gemellus superior (L. 5 and S. I, 2). 
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Muscles supplied by the nerve to the quadratus femoris t 

(1) Quadratus femoris (L, 4, 5 and S. 1). 

(2) Gemellus inferior (L. 4, 5 and S. 1, 2). 

Muscles supplied by the sciatic nerve : 


By-Phedial popliteal division : 


(1) Lorn* head of bicep? femoris (S. 1, 2 and 31, 

(2) Tschial fibres of adductor magnus (L. 4 and 5). 

(3) Semimembranosus (L. 4, 5 and S.*l). 

(4) Semitcnd'mosus (L. 4, 5 andS. 1,C)V* r ‘ 


By lateral popliteal division : f l '"T^, \ 

Short head of biceps femoris (L. 5 and S. 1).\ 

POPLITEAL FOSSA ^ 


It is a diamond-shaped space situated behind the knee joint and extends above 
to the lower-third of the thigh and below to the upper-fourth of the leg. As it k 
diamond-shaped, the space is widest opposite its centre and narrow both above aria 
below. It lias a roof, a floor, a lateral wall and a medial wall. The fossa can be 
exposed by three incisions— one transverse in cision across the bark oftfef thigh ^ 
opposite the j unction o f the middle with the Werkli ird n l_the. thigh, anothe r (rattf- 
vcrsr^hrctttorrbriDOsUc the junction of the upper with the lower three-four thsrnmf J 


backof tKc'lty^TTic’third is a vertical incision joining the rnicI-^ointsojjljEI^ , 
former incision s, The skin and the subcutaneous tissue arc to be reflected on cither 
side. _ _ ’■ 

The roof or the posterior wall is formed by the popliteal . f ascia. (deep fascia) and 
e~thc skin and th e superfici a l fasc ia. The short $3phenous vein which ascends upwards 
and lies in the superficial fascia pierces the roof of the popliteal fossa opposite the ba ck 
— of the Imee j oint^~ ^h(rtcrmiharport>on ct the posteitorj ^ytaneous nerve ot the j mg» 
pierces tire roof to become subcutaneous and descends - along with the terminal 


portion o£.thc short saphenous vein as far as the middle of the back of the leg*' 

_ \^fhfjloor is formed by the popliteal surface of the femur, posterior oblique liga- 
ment of the knee joint, poplitcus and its covering fascia. ' 

The lateral wall is formed above by the biceps femoris and below by the p»n- 
taris and the lateral head of the g astrocn emius. ^ 

The medial wall is formed aboveby the semimembra nosus and the sem i tendinous 
and below by the medial head o f the gastrocnemius. . > ’ 

rr-T .... ^ * rr 7Z / ‘ , ... iit 


branches*, poplitea l, vein and Jjs JribuJarievlhe -media 
nerves with their branches, the art icular/b ranch jaf th' 
obturator nerve, popliteal lymph gland ^nd a quantify 

PopUteus. It has a tendinous ori: 




the anterior psitof tlie 


aK"cgrj»i-mwj^«i« IiT>MU ^wg»nT » WCT!t»iiTairn«mwg<it»8il<w 

S T? i SO "ra xv,' > 






THE MUSCULAR SYSTEM OR THE MYOLOGY 


6J5 


mtctdkxlo a-which n subsequently carried out by the assistance of other flexor mu$- 
ctcs. Due to the reasons that it unlocks the joint it is sometimes called the "unlock- 
ing muscle” of the knee joint. 

^'HE LEG 

Fascia cruris. The fascia cruris or the sleep fascia of the leg invests the mus- 
rkn around the leg and is continuous above with the fascia lata and below with the 
fascia around the ankle joint. 

Attachment. Above and in front, it is attached to the margins of the patella, 
ligamentum patrilac ami the tfiberosity of the tibia. Above and laterally, it is attach- 
rd to the lateral condyle of the tibia and to the head of the fibula. Above and me- 
dially it is attached to the medial condyle of the tibia. Above and posteriorly, it 
docs not receive any bony attachments but is continuous with the popliteal fascia 
cring the popliteal fossa which is continuous with the fascia lata. In this sittia- 
l it is strengthened laterally by an expansion from the tendon of the biceps femoris 
. medially by an expansion from the tendon of the sartorius, gracilis, semitcn- 
asm and semimembranosus. 

Below it is attached to the bony prominences around the ankle joint and is 
tinuous with the flexor and extensor retinacula. 

Distribution and features. It surrounds the leg like a sock and invests the 
icles of the leg. In’its course of distribution it is attached to the medial margin, 
lial surface and the anterior margin of the tibia. While investing the muscles it 
Is out three intermuscular septa— two vertical, anterior and posterior, and one 
isvcrse. The anterior intermuscular septum intervenes between the extensors and the 
oncal muscles and is attached to the anterior border of the fibula. The posterior 
muscular septum intervenes between the peroneal and the flexor muscles and is 
ched to the posterior border of the fibula. The transveree septum known as the 
transverse fascia of the leg intervenes between the superficial and the deep group 
exor muscles. Besides these different septa it sends out processes which enclose 
i vidua l muscle. 

The fascia cruris is not uniform in its texture and it is thick and dense anteriorly 
and above and gives origin to tibialis anterior and extensor digitorum longus from 
its deep surface. It is very thin posteriorly where it covers the gastrocnemius and the 
solcus. 

Tibialis anterior. It lies against the l ateral surface of the shaft of the tibia 
and forms a flesh y bcllv ab ove, which ends in a flat tendon opposite tiie lower-third 
of the ICgT It arises from the upper tw o-thirds of the lateral surface of the bo dy 
of the-ti bja, from t he anterior surface of t he interosseous membran eTj rgm the tn ter- 
mu3Cular.iScptu nsbetweenTt~an'd''fljejgXtensor'3igitoru>n longus~and from~the de ep 
surface of th e fascia crmis.^ Its filjrS run 

tendon oppo3Tte ~»ic iovvet -third of the leg. Its tendon passes behind the superior 
and inferior cx tciisorirctinacula and then curves m edially to reachThe medial mar- 
gin of the foot where it is inserted into the inlero-medial aspect of the medial cunei- 
form bone and the base of the first metatarsal bone. 

Nerve supply. It is supplied by the ante rior tibial nerv e (L. 4, 5 and S. 1). 
Actions. It dorsiflexes the ankle joint and inverts the foot, that is, it raises the 
medial margin of the foot. “ ~ ~ 

Extensor digitorum longus. It arises from the upper three-fourths of the 
anterior surface of the shaft of the fibula, from the lateral condyle of the tibia, 
from the anterior aspect of the interosseous membran e, ^ftom the deep surface of 
the fascia cruris, and from the crural intermuscular septum and the septum between 
it and the tibialis “ anterior muscle. The muscular belly soon divides into four 
tendons which pass beneath the superior and the inferior extensor retinacula along 
with the peroneus tertius and then the tendons diverge from one another 
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pass forwards to he Inserted into the second, third, fourth and the fifth toe, in If, 
" following manner: Opposite tie 

mctatarso-phalangcal joint each d 
the tendon foMhc second[,.thirtl ini 
the fourth toesj s JomrdjJti jti lateral 
side by tfict endon^of the, extensor 
digitorurn brevis .and also reecho 
fibrous^cxpansionsjrom jhe lumbri- 
caTp ancl the intcrossei muscles and 
forms an rx paneled tendon which 
covers the dorsum of the proximal 
phalanx ^ (extensor expansions) and 
divides into three slips— one inter* 
mediate and two collateral. The inter- 
mediate slip is inserted into the dorjal 
aspect of the mid dle phalan x of the 
second row. The tw o colla tcraF slips 
unitftogether antTH re inserterf i ntn 
the dotyi l ns pccLoT the_distaLpha1- 
anx. That for the fi fth toe i s not 
Jonfetl by llic tendon oi the extensor 
thghor mnbrcvi ijiuisdcjiidls joined 
on its niediaTsidcJ jy the ex pansions 
from the third plantar interosseous 
muscle and the fourth’ lumlmcaiis 
muscle and then is ipseded jts’ab° ve * 
Nerve supply. It is supplied 
by the anterior tibial nerve (L. 4, ,5 
andS. I). 

Actions. It dorsiflexes the 
phalanges of the lateral four toes * 
and in continued action doniflextt 
the ankle joint, 

»Peroncus tertlus. It arises 
fromrlie lower one-third of the ante; 
rior surface of the shaft fifthe fibula, . 
from th e ant6rior?urface of the lower 
P art of Jie interosseous mem brane 
and from - the crural in termuscul ar 
sept um. ir^rnts^'T^donw Kich 
passes bene ath t hc-auperiot-And the 
inferior extens or retinacula along 
with the tu\tens6r~ digTto run i longits 1 
and then passes lateral ly to receive 
its insertion on the med ial.ajpecTcf 
the dorsum of nhcTasc^oftheTiItS 
metatarsal bon<v^__^/ "7 

Nerve supply. It is supplied 
by the anterior tibfrd ncrvO (L. 4,5 
and S. 1). 

Actions. Itis the dorsiflexor 
of the ankle joint and cTCrts the 
lateral margin of the loot. . 
Extensor ballads longas. It 
extensor digitorurn longus and arises from 



Uts between the tibialis anterior md ^ 
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the middle two-fourths^ of t he anterior surface of thedibnlfi pnd from t he middle 
^vo-fourthijd-Jfatg^Jxrenor^urTace^orificIlntgfps seous mem brane. It ends in a 
tendon which passes deep to the superior and inferior extensor retinacula and passes 
to the great toe tvhere it is inserted into the dorsal aspect of the distal phalanx. 

Nerve supply. It is 
supplied by the anterior 
tibial nerve (L. 4, .5 and 
S. I). 

Actions. It extends 
the phalanges of the great 
toe and in continued ac- 
tion dor si flexes the ankle 
joint. 

The crural inter - 

os s&qus— — me tnbrane. 

T he crural interosse ous 
m embrane conne cts”' the 
tibia a nd^theliG ula~gppo- 
site their Inler oisemrrbnr- 
<Ie.rC~andZsepar a tes the 
musde s of the front o f the 
le e from the muscles o f 
thcjyack. 

Attachment. It is 
attached to the interosse- 
ous border of the tibia 
. and commences from be- 
low the fibular facet on 
the tibia to thepoint where 
the interosseous border 
bifurcates and is then con- 
tinuous with the inferior 
interosseous > tibio-fibular 
^ligament which is attach- 
ed to the rough triangular 
area enclosed by thejimbs 
of the bifurcated interosse- 
ous border. Its fibres are 
direc ted dosvn watds and 
laterally anefare attached 


to the correspondingjfor- 
der ofjhejibula. ^ 



Relations. Anterior 
surface. The anterior sur- 
face is in relation to the 
tibialis anterior, extensor 
digitorum longus, extensor 
hallucis longus, the per- 
oneus tertius musdes and 
the anterior tibial vessels 
and nerve. Opposite the 

neck of the fibula it is . t . 

pierced by the anterior tibial vessels, and above the ankle joint, it is pierced by the 
perforating branch of the peroneal artery. 

Posterior surface. The posterior surface is in relation to the tibialis posterior and ^ 
the flexor hallucis longus. - 1 


fi" 565, The right tibio-fibular region to show the structures 
in the ectensor compartment. 

Yrcrn the dissection halt, N.R. Sircar Medical College, Cal; 
with the kind permission from the Prof, of Anatomy. 
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Fmrtum. Same aa (tat of .he in.ero«ou» m embrane of the forearm . 


■m fibres aledirecleddownward! and laterally. 

Extensor tendons: . . ... , , , 

(a) The tendon of the Midis anterior is the medialmost tendon on the dorsum of 
the foot and passes to the medial margin of the foot ..here it is inserted into ante* 
medial aspect of the medi al cuneiform bone and into the medial side of the base cf 
the first metatarsal bone. 


COMMUNICATING BRANCH TC? 
MUSCULOCUTANEOUS NERVE 
I ROM SURAt NERVE 


ARTIRIA DORSALIS PEDIS 

MEDIAL BRANCH OF 
ANTERIOR TIBIAL NERVE 
TENDON Of EXTENSOR 
TAWS WOW LCtN&US 



COMMENCEMENT 
Of LONG SAAHENCUS . 
VPN 


Kg. 566 The donum uf the right foot. From the dissection ha)!, N. R. Sircar Medical 
Cal; with the kind permission from thefcjcf. of Anatomy. 

... j?) The tendon of the extensor hallucis longus lies on the lateral side of fh c 
tibialis anterior tendon and occupies the dorsum of the first metatarsal bone and the 
dorsum or the great toe and finally is inserted into dorsal aspect of the base of tW 
distal phalanx of the great toe. Opposite the root of the great toe it is joined on »« 
lateral side by the first tendon of the extensor digitorumj/revis. 
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/ (c) Extensor digitorum longus. It consist s of four tendons, each passing to the 
•tfcond, thir d, fourth and the fifth toe and h.mserted~into^the dorsal aspect ~of the 
distal phaj amToTtbe co rrespondin g toe7~Thc tendonFToF7}^second 71 Fii^and~f hc 
fourt h toes are accompanied bv the tendon_oTtKc ^teiSordigltor unTBrevil] ~ 

_ Cd) Perone us tirtivs tendon. Its tendon lie s on _t he later al side of the extensor 
Jigitorum lon^u£jcH3oEIan3lpSSesj&3Te lateral margin of tHeTooTto^e~jnserted 
into t he dorsal aspec LQCthe-bascjaCilxe Jiftfi' metatarsal bone medial to the peron eus 
brevi s tendon 

Extensor digitorum brevis. It lies under cover of the extensor digitorum 
[ongus tendons and forms a short muscular belly which arises from the anterior part 
Df the superior surface of the calcaneus and passes obliquely forwards and medially 
and then divides into four tendons. The first tendon crosses the terminal portion 
of the arteria dorsalis pedis and this is inserted along with the extensor hallucis longus 
tendon, the remaining three tendons are inserted along with the extensor digitorum 
longus tendons. 

Dorsal interosseous muscle. When the extensor tendons arc reflected to 
one side portions of the four dorsal interosseous muscles arc exposed anti occupy the 
intcrmctatarsal spaces. 

Superior extensor retinaculum. It is the localised thickening of the deep 
fascia of the leg situated in front of the ankle joint and is attached laterally to the 
anterior margin of the triangular subcutaneous area on the lateral surface of the 
lower end of the fibula and medially to the medial malleolus of the tibia. The 
extensor tendons and the anterior tibial vessels and nerves pass deep to it to reach 
the dorsum of the foot. The musculocutaneous nerve crosses superficial to it later- 
ally whereas the long saphenous vein and the saphenous nerve cross it medially. 

Inferior extensor retinaculum. It is a 'Y'-shaped ligament situated below 
the superior extensor retinaculum and consists of a stem and two limbs. The stem 
is attached to the anterior part of the superior surface of the calcaneum; the superior 
limb is attached to the medial melleolus whereas the inferior limb passes across the 
medial margin of the foot to become continuous with the plantar aponeurosis. 

Inferior peroneal retinaculum. It is situated at the antero-inferior part 
of the lateral malleolus and is attached above to the anterior part of the superior 
surlacc of the cafcuueum ivhere it is continuous with the stem of the mlerioi exten- 
sor retinaculum and is attached below to the peroneal tubercle on the lateraTsurfacc 
of th e ' r j lc rmeum. It fixes the peroneus longus et brevis tendons together. 

Peroneus longus et brevis tendons. They fie beneath the inferior peroneaf 
retinaculum, the brevis being situated in front of the longus. The peroneus brevis 
is inserted into the dorsal aspect of the base of the fifth metatarsal bone lateral to the 
peroneus tertius. The peroneus longus tendon passes to the sole of the foot. 

GastrocneiUiirsT Origin . It arises by two tendinous heads — lateral and medial 
from the condy les of the f emur. The lateral head takes its origin from an impression 
on the lateral surface oTlateral condyle, from the adjacent lateral supracondylar line 
of the femur and from the capsular ligament of the knee joint. The_ medial head, 
the larger of the two, arises from a depression at the upper and posterior part of the 
medial condyle above the adductor tubercle, from the rough area _ on the 
popliteal surface of the femur medially and from the adjoining capsular ligament. 

Insertion. The two heads soon come in close contact with each other and spread 
out into two rounded bellies which remain separated from each other and are insert- 
ed into a broad aponeurosis which is gradually contracted and receives the insertion 
of the soleus to form the tcndo-calcaneus which is inserted into the middle com- 
partment of the posterior surface of the cancaneum. 

Heme supply. It is supplied by the medial popliteal nerve. 

Soleus. Origin. It lies in front of the gastrocnemius muscle and 
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the back of the head of the fibula, from the upper one-fourth of the posterior stxrf 3c< 

of the shaft of the fibula, from thj 
solcal line of the tibia, from jj? 
middle one-third of the medial 
border of the tibia and from the 
deep transverse fascia of the leg, 
Insertion. The muscular belly 
soon unites with the aponeurosis 
of the gastrocnemius to form the 
tcndocalcaneus and is inserted 
into the middle compartment of 
the posterior surface of the cal- 
caneum, 

jYerce supply. It is suppli- 
ed by the medial popliteal nerve 
(S. 1 and 2) and by the posterior 
tibial nerve (L. 5 and S. 1). 

Action. Both the gastrocne- 
mius and the soletis are the chief 
plantar flexors of the ankle joint 
The tendocalcaneas. It is 
the common tendon of insertion 
of gastrocnemius and solcus and is 
the strongest tendon in the body. 
It is about G inches long and gra- 
dually narrows to a point about 
1$ inches above the calcanean* 
and then is expanded and finally 
is inserted into the middle of the 
posterior surface of the calcaneunfc 
PI. D. The muscular bellies 
of the gastrocnemius and soleus 
constitute the main bulk of the 
calf muscle and are responsible for 
the rounded muscular prominence 
on the back of the^ leg: They are 
stronger and bulkier than the ex- 
tensor muscles because during 
walking or running they’ arc to 
raise the body weight from the 
ground. Sometimes they arc des- 
cribed as the triceps muscle of the 
leg or triceps sura. 

Plantaris. It forms a verv 
long tendon and has a small fusi- 
form muscular belly. It rises from 
the lower part of the lateralsupta- 
condylar line, from the adjoining 
portion of the lateral part of the 
popliteal surface of the femur ana 
from the oblique posterior liga- 
ment of the knee joint. It /bratf 
a small fusiform belly which soon 
ends in a tendon which pas*? 
obliquely from lateral to themed*' 
and then follows the medial margin 
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-svjr&ce - ne tendocalcanem and finally is inserted into the medial margin of the inter- 
tediate area on the posterior surface of the calcaneum. It may end by being 
'inserted either in the deep fascia or in the flexor retinaculum. 

Nerve supply. It is supplied by a branch from the medial popliteal nerve (L. 5 
and S. I). 

Actions. It assists the 
gastrocnemius in its action. 

STRUCTURES CONTAIN. 

ED IN THE INTERMEDIATE 
COMPARTMENT: 

Flexor haUucis long* 

us, Origin. It lies on the 
lateral side of the kg and 
arises from the lower two* 
thirds of the posterior surface 
of the shaft of the fibula ex- 
cept its lower one inch, from 
the interosseous membrane, 
from the crural intermus- 
cular septum and from the 
fascia covering the tibialis 
posterior muscle. 

Insertion. _ The muscular 
fibres from either side end 
in a tendon which occupies 
almost the whole length of 
its origin and lies on the 
middle of the back of the 
muscle (bipennate muscle); 
the terminal cord-like ten- 
-don of the muscle passes su- 
ccessively through the groove 
behind the lower end of the 
tibia, groove on the posterior 
surface of the talus and that 
beneath the sustentaculum 
tali of the calcaneum and 
then passes to the sole of the 
foot by crossing the tendon 
of the flexor digitorum longus 
from lateral to the medial 
side and is finally inserted 
into plantar aspect of the 
base of the distal phalanx of 
the great toe. 

Nerve supply. It is sup- 
plied by the posterior tibial 
nerve {L. 5 and S. 1, 2). 

Actions. It flexes the From the dissection halt, N. R. Sircar Medical College, 

uistal phalanx of the great Cal; with the kind permission from the Prof of Anatomy, 

toe and in continued action 

flexes the remaining phalanx or die great toe and plantar-flexes, the ankle joint; it 
maintains the longitudinal arch of the foot. 

Flexor digitorum longus. Origin. It lies on the medial side of the back 
of the leg and arises from the posterior surface of the tibia medial to the tibialis pos- 
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terior muscle and below the soleal line; the fibres of origin extend downwards iipfo 
a point about 3 inches above the lower end. 


ANTERIOR TIBIAL NERVE 



Insertion. The muscular fibres end m a tendon which occupies almost the whole 
length or the back of the muscle and then as it descends downwards it crosses the ten* ‘ 
ilon of the tibialis posterior and passes through the groove behind the lower end of 
the tibia beneath the flexor retinaculum. Then crossing the tendon of the flexor 
haltucis longus lrom medial to lateral side it enters the sole of the foot where it b 
expanded and after joining with the tendon of the flexor digitorum accessorius divides 
into four tendons which are inserted into the plantar aspects of the distal phalanges 
of the second, third, fourth and the fifth toes. 

Xene supply. It is supplied by the posterior tibial nerve (L. 5 and S. I). 

Actions. It flexes the distal phalanges of the second, third, fourth and the fifth 
toes and in i the continued action flexes the other phalanges of the same toes and plan- 
tar flexes the ankle joint. It also maintains the longitudinal arch of the foot. ' 

i . •T I ,^ ,, !r St , eri0r i* lt J* the dec P cst muscle on the back of the leg and 
andpartly under cover of the flexor digitorum longus and the flexor 
ivSi A* tT! 1C f ? rmcr r ? n its tibial s ‘ de and thc latter on its fibular side.. 
a * 0 th tcr ? 1 , arca ? f the posterior surface of the shaft of the tibia between 
the low^thSrTnf 1 ^ f r SO r eal 15 £ e above and the junction of the middle with 
f ,? e K h f* , r fr ? m thc medial gloved part of the posterior surface . 
intSmSAr^ hCba ?r° rthc . Cr J iral “‘"o^eous imUrane, from the transverse 
"i a - nd from , the intermuscular septa between it and the adjacent 
Sn'tn “rr„ Cnd ^i a ^ don which crosses deep to the flexor digitorum longuj 
snnerfirhl and hes under cover of the flexor retinaculum a«A 

of^the nlani.r ..I 6 tOK 1{ '.‘ lrl ! tnt - Then the tendon passes to the plantar aspect 
nrindo?l ? "' 0 "? V,a i l ''' r 1, S a, ”«> t (spring ligament) where it receives th 

USfS?. h ' tuberosity of the havicnlar bone, from here it sends - 
out sups ol insertion-one panes backwards to be inserted into the sustentaculum 
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: tali of the calcaneum and the others spread out and are inserted into the plantar 
aspects of all the remaining tarsal bones except the talus and to the bases of all the 
metatarsal bones except the first and the fifth. 

The upper end of the muscle as it arises from the tibia and the adjoining portion 
of the fibula forms an U-shaped gap through which the anterior tibial vessels pass 
to the front of the leg. 

Nerve supply. It is sup- 
plied by posterior tibial 
nerve (L. 5 and S. 1). 

Actions. It is the adduc- , 
tor and invertor of the foot 
and the plantar flexor of the 
ankle joint. It also main- 
tains the longitudinal arch 
of the foot. 

MUSCLES ON THE LA- 
TERAL ASPECT OF THE 
FIBULA t 

Peroneus longus. It 
arises from the head of the 
fibula, from the proximal 
two-thirds of its lateral sur- 
face, from the lateral condyle 
of the tibia and also from the 
deep Fascia and the inter- 
muscular septum. It forms 
a tendon which lies in a 
groove behind the lateral 
malleolus, comes forward on 
the lateral side of the calca- 
neum below the peroneal 
' tubercle and then curving 
medially it runs forwards in 
a groove in the cuboid bone 
and is inserted into the 
infero-lateral side of the base 
of the first metatarsal and 
medial cuneiform bones. 

Nerve supply. It is sup- 
plied by the musculocutane- 
ous nerve of the leg. 

Actions. VJt causes the 
:rtion of the foot and by 
jsing transversely across 
; sole of the fool it main- 
ns the transverse arch of 
: foot. It also maintains 
; lateral longitudinal -arch 
the same. In continued From the direction hall, N. R. Straw Medical College, 

lion it is the plantar flexor Cal; with the kind permission from the Prof, of Anatomy, 

the ankle joint. 

Peroneus brevis. It takes its origin from the lower two-thirds of the lateral 
rface of the shaft of the fibula in front of the peroneus longus and from the anterior 
d posterior crural intermuscular septum. Lower down it fibres form a tendon 
deft passes behind the lateral malleolus of the fibula and lies in fiont of the per- 
eus longus. Then it passes above the peroneal tubercle on the lateral surface s ef 
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the calcaneum and further passes forwards and laterally to be inserted into lateral 
side of the tubercle at die base of the fifth metatarsal bone. ' 

j Verve supply. It is supplied by the musculocutaneous nerve of the leg* 
Actions. It is one of the cvcrtor of the foot and supports the ligaments svhich 
are stretched due to over-inversion of the foot. 

Flexor Retinaculum of the foot. It 5s a strong fibrous band which strctrhtt 
across the medial side of the ankle joint and connects the posterior margin of the 
medial malleoxis to the tuberosity of the calcancum. Above it is continuous with 
the deep fascia of the leg and below with the plantar aponeurosis. It gives origin 
to the abductor hallucis from its lower part. It protects the posterior tibial vessel* 
and nerve in this situation and conceals under it the posterior tibial vessels and nerve 
and the three flexor tendons (tibialis posterior, flexor digitorum longus and the 
flexor hallucis longus). It is covered by the skin and superficial fascia and is pierced 
by medial calcaneal vessels and nerves. 



Structures in deep relation to the flexor retinaculum. From medial 
to lateral side die structures under cover of the flexor retinaculum are as follows : 

(1) Tendon of the tibialis posterior. 

(2) Tendon of the flexor digitorum longus. 

(3) Posterior tibial vessels. 

(4) Posterior tibial nerve. 

(5) Tendon of the flexor haltucis longus. 

FUNCTIONAL CLASSIFICATION OF THE MUSCLES OF THE LEG s’ 

(l) Dorsiflexors of the ankle joint : 

( a ) Tibialis anterior — Prime mover. 

(&) Extensor digitorum longus. ) 

(0 Extensor hallucis longus. > Synergists. 

(d) Prroneus tenius. ) 
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(2) Plantar flexors of the anhle joint J 

I a) Gastrocnemius. 

Soleus. 
c) Plantaris. 

d ) Tibialis posterior. ) „ 

«) Flexor hailucis longus and digitorum longus. j Synergists. 

(3) Evertors of the foot : 

(a) Peroneus longus. 

(i) Peroneus brevis. 

( c ) Peroneus tertius. 

(4) Invertors of the foot : 

(a) Tibialis anterior. 

(b) Tibialis posterior. 

(5) Extensors of the digits : 

(a) Extensor digitorum longus. 

(6) Extensor hailucis longus. 

(G) Flexors of the digits s 
(a) Flexor digitorum longus. 

(6) Flexor hailucis longus. 

Plantar aponeurosis. The plantar aponeurosis is the deep fascia of the sole 
of the foot and consists of central, lateral and medial portions. The central portion 
is very thick and strong where as its lateral and medial portions are comparatively 
thin. 

Central portion. It js roughly triangular and is wider in front and narrow 
behind. It covers the flexor digitorum brevis and is attached posteriorly to the 
medial tubercle of the calcancum. Anteriorly opposite the heads of the metatarsal 
bones it divides into five digital processes, one for each toe. Opposite the meta- 
tarsophalangeal joint each of the digital slips divides into superficial and deep layers. 
The superficial layer blends with the skin of the transverse crease between the toes 
and the sole of the foot. The deep layer of each digital slip divides into two proces- 
ses, one for each side of the flexor tendons for the toe, which pass upwards to fuse 
with the sides of the fibrous sheath of the flexor tendons of the toes and with the deep 
transverse ligaments of the sole of the foot. The central portion of the plantar 
aponeurosis at its point of divisions into digital slips, and for some distance in front, 
presents numerous transverse fasciculi which connect the digital slips together and 
with the skin. On either side the central portion of the plantar aponeurosis is 
continuous with its peripheral portions — medially, medial portion, and laterally, 
lateral portion. Two intermuscular septa, one on each side of the flexor digito- 
rum brevis, pass dorsally into the sole; that on the medial side separates the 
flexor digitorum brevis from the abductor hailucis while the lateral one intervenes 
between the flexor digitorum brevis and the abductor digiti minimi. 

Medial portion. The medial portion of the plantar aponeurosis covers the 
abductor hailucis and is comparatively thin. Posteriorly it is continuous with the 
flexor retinaculum of the foot and medially it is continuous with the deep fasda on 
the dorsum of the foot along its medial margin. Laterally it is continuous with the 
central portion and at the junction between the two is the medial intermuscular 
septum which separates the flexor digitorum brevis from the abductor hailucis. 

Lateral portion. It covers the abductor digiti minimi and is attached poste- 
riorly to the lateral tubercle of the calcaneum. Laterally it is attached to the 
tubercle of the fifth metatarsal bone. Medially it is continuous with the central 
portion and at the junction there is a intermuscular septum which separates the 
flexor digitorum brevis and the abductor digiti minimi. 

The muscle-layers at the sole. There are four different layers of muscles 
in the sole of the foot in order from superficial to the deep aspect and they „ are 
40 , J 1 
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Tig. 572. The sole of the right foot to thow the plantar aponeurosis. From the dissee* 
tion hall, N. R. Sircar Medical College, Cal; with the kind permission from 
the Prof, of Anatomy. 

classified into first, second, tfu'rd and the fourth fayers of musc/es. The moscitf & 
each layer are as follows : 

First layer: 

(1| Abductor hallucis. 

(21 Abductor digits minimi. 

(3) Flexor digitorum brevis. 

Second layer ; 

(1) Tendon of the flexor hallucis longus. 

g Tendons of the flexor digitorum longus. 

Flexor digitorum accessorius. 

Lumbricales. 

Third layer: 1 

U) Flexor hallucis brevis. " 

(2) Adductor hallucis (oblique and transverse head). 

(3) Flexor digit! minimi brevis. 
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Fourth layer: 

(1) The interosseous- muscles — four dorsal interosseous and three plantar 
inte rosseous m uscles. 

(2) Tendon of t he tiEialiS posteri or. 

(3) Tendon o f peroneus lo'ngus. 

MUSCLES OF THE FIRST LAYER 

Abductor ballucis. It lies along the medial margin of the sole of the 
foot and connects the calcancum with the great toe. It arises from the medial 
margin of the m edial tubercle of the calcancum , f rom the flexor retinaculum, fro m 
the plantar aponeurosis and Trom the inte rmuscul ar septum between it an d the 
flexor dipHorum brev is r~~*It forms a tendon whic h" togcther.svitlLthejnedta rrtnufan 
of th 


||§iglaE^^ S 


irngtrr?e=te?»nn73^ggaRTnB^f^tT^ 



tendon or 
ntxoR hauuos- 
lONGUS 








—PLANTAR APONEUROSIS (CUT) 


Fig. 573. The sole of the left foot to show the first layer of structures. From the dissection 
hall, N. R. Sircar Medical College, Cal; with the kind permission from the 
Prof, of Anatomy. 
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Nerve supply . It is supplied by the medial plantar nerve (L. 5 and S. I). 

Actions. It is the abd uctor and flexor of the proximal phalanx of the g reat toe. 

A bductor d lgitj_jniginii. It arises from th e medial a nd, flic la fcmj tuber- 
cles of the calcaneum, from the undcr-surface of the calcaneum in front of the 
medial and lateral tubercles, from the plantar aponeurosis and from the intermuscular 
septum between it and the flexor digitorum brevis. Together with the tendon of 
the flexor digiti minimi brevis it is inserted into the lateral side of the proximal 
phalanx of the little toe. 

Nerve supply. It is supplied by the lateral plantar nerve (S. 1 and 2). 

^ Actions. It is the abductor and flexor of the proximal phalanx of the little toe. 

Flexor digitorum brevis. It is the most superficial muscle opposite the 
middle of the sole of the foot and lies immediately under cover of the central por- 
tion of the plantar aponeurosis. It arises by a tendon from the anterior part of 
the medial tubercle of the calcaneum and by fleshy fibres from the plantar aponeu- 
rosis (central portion) and from the lateral and medial intermuscular septa. It 
forms a muscular belly which ends in four tendons, one for each of the lateral four 
toes. Each tendon opposite the base of the proximal phalanx splits up into two 
slips for the passage of the corresponding tendon of the flexor digitorum longus 
and then reunites and finally splits into two slips which are inserted on either side 
of the middle phalanx of the corresponding toe. In its mode of insertion it is identical 
with that of the flexor digitorum superficialis (sublimis) in the palm. 

Superiorly it is separated from the flexor digitorum accessorius by a thin layer 
of fascia and intervening between the two are the lateral plantar vessels and the 
nerve. 

Nerve supply. It is supplied by the medial plantar nerve (L. 5 and S. 1 , 2). 

Actions. It flexes the middle phalanges of the four lesser toes. 

MUSCLES OF THE SECOND LAYER 

The intrinsic muscles of the second layer are the flexor digitorum accessorius 
and the lumbricales and besides these the tendon of the flexor hallucis longus ana 
the tendons of the flexor digitorum longus will be found in this layer. 

Flexor digitorum accessorius. It arises by lateral and medial heads which 
are separated from each other by the long plantar ligament. The larger tntainl 
head arises by muscular fibres from the hollowed out medial surface of the <jalcan£um. 
The smaller late ral head arises by tendinous fibres from the plantar surface ol thj Lffl* 
caneu m in fronfof the lateral tubercle and from th e long plant ar-ligamenL. fhe 
two heads unite at an acute U TTg i tr nr }l E fl]ghtf~tirthe long plantar ligament and then 
form a flattened band which is inserted into the deep aspect and tlic lateral margin 
of the flexor digitorum longus tendon. Through the latter tendon it reaches the 
phalaneps of thr. second., third and thn fourth. tncs.„ 

Nerve supply. It is su pplietLby. the lateral .plantar nerve (S. 1). 

Action. It assists in the work of t he flexor digitorum longus a nd by i ts pull l£ 
tends to bring its tendons into - a tine with theioes~qrrw liii.il l licy-uperahN 

Lumbricales. The lumbricales muscles of the foot’”arc'fom r in number and 
are named numerically from medial to the lateral side. The first lumbricalis arises 
from the medial side of the first tendon of the flexor digitorum longus whereas the 
remaining three late their origin from the contiguous sides of the tendons of the 
flexor digitorum longus. Each muscle ends in a small tendon which runs forward* 
and upwards to reach the medial side of the corresponding toe and is inserted into 
the extensor expansion formed by the extensor digitorum longus. 

Nerve supply. The first lumbricalis is supplied by the -medial plantar nerve 
(L. 5 and S. 1 ) and the remaining three arc supplied by the deep branch of 111 
lateral plantar nerve (S. 1 and 2). 

Actions. They prevent the hyperextension of the metatarsophalangeal joint* 
and hyperflexion of the proximal interphalangeal joint of the four lesser toes. 
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a tendon u Inch blends with die lateral portion of the flexor hallucis brevis and is 
inserted into the lateral aspect base of the proximal phalanx of the great toe, Tht 
transfer st head arises from die metatarsophalangeal ligament of the third, fourth, 
and the fifth toes and also from the deep transverse ligament of die foot. It jobs 
the oblique head and is inserted along with the lateral part of flexor hallucis brevis 
to the lateral aspect of the base of the proximal phalanx of the great toe. 



jftrr* supply. It is supplied by the deep division of the lateral plantar nerve, 
(S, 1 and 2). 

Action. Its oblique head is the adductor and flexor of the great toe, its transverse • 
head is the adductor for all the toes. 

Flexor digit! minimi brevis. It arises from the medial part of the base of 
the fifib metatarsal bone and from the sheadi of the tendon of the peroneus longus. 
It forms a tendon which is inserted into the lateral side of the base of the proximal 
phalanx of the little toe. 

fuppty' ^ * 5 supplied by the superficial branch of the lateral plantar 
nerve (S. 1 and 2). 

• Actions. It jj the flexor of the little toe. 
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MUSCLES OF THE FOURTH LAYER 

The interossei muscles form the fourth layer or muscles and they consist of 
threeplantar interossei and four dorsal interossei. 

The dorsal interossei arc bipennate muscles and each arises by two heads from 
the contiguous sides of the metatarsal bones and occupies the intermeta tarsal space. 
Each ends in a tendon and is inserted as follows. The first dorsal interosseous is 
inserted on the medial side of the proximal phalanx of the second toe and the remain- 
ing three muscles are inserted on the lateral side of the proximal phalanges of the 
second, third and the fourth toes. 


TENDON CW 

moNtui ioucus 

WITH (TT Fl**OW 
JHtATH 


TINOON Of MXOft 
MAUUCK IONCUS 

ram 

TINOON O* fttXO* 
O'CtTOtUM IONGUS' 
!CUT> 



flEXOA DIGJT1 HlNIMI BMVIJ (COT* 
LATERAL (TANIAA ARTERY 


IOHG RLANTAR UCAMENT 


Fig. 576. The sole of the left foot to show the structures of the fourth layer. From the 
dissection haU, N. R. Sircar Medical College, Cal; with the tied permission from the 
Prof, of Anatomy. 


The plantar interossei muscles arc three in number and they arise by a single head 
from the medial aspect of the base and shaft of the third, fourth and the fifth metatarsal 
bones. They are inserted by a small tendon into the same aspect of the proximal 
phalanx of the corresponding toes. 

Nerve supply. The first and second plantar interossei and the first, second and 
the third dorsal interossei are supplied by the deep branch of the lateral plantar 
nerve. The third plantar interosseous and the fourth dorsal interosseous are supplied 
by the superficial branch of the lateral plantar nerve. 

Actions. The dorsal interossei musclesabduct the toes from an imaginary plane 
drawn through the axis of the second toe, and concurrently with the abduction they 
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extend the toes with the exception of the little toe. The plantar interossei cause 
adduction and flexion of the third, fourth and the fifth toes. 

Neurological value of the muscles of the leg and the foot: 

(1) Muscles supplied by Ike anterior libial nerve — (L. 4, 5 and S. 1) 

(a) Tibialis anterior. 

( b ) Extensor halluds longus. 

(c) Extensor digitorum longus. 

(d) Peroncus tertius. 1 1 

(r) Extensor digitorum brevis. 

(J) Tirst and second dorsal interossei muscles. 

(2) Muscles supplied by the pos terior tib iaLnerve : 

(a)^f4exor digitorum longus (L. 5 and S. 1). 

Plexor hallucis longus (L. 5 and S. 1, 2). 

Tibialis posterior (L. 5 and S. 1). 

(3) Muscles supplied by the musculocutaneous nerve of the leg: 
fa) Pcroneus longus (L. 4, 5 and S. 1). 

Pcroneus brevis (L. 4, 5 and S. 1). 

(4) Muscles supplied by the medial plantar nerve : 

Abductor hallucis (L. 5 and S. 1). 

A b ) Flexor digitorum brevis (L. 5 and S. 1,2). 
vJc')-TIexor hallucis brevis (L. 5 and S. 1). 

.Jdi-First lumbricalis (L. 5 and S. 1). 

(5) Muscles supplied by the lateral plantar nerve: 

t —fa) Abductor digit! minimi (S. 1 and 2). 

{bj Flexor digitorum accessorius (S. 1). 

rtor digiti minimi brevis (S. 1 and 2). 

1 the interossei muscles (S. I and 2). 

cond, third and the fourth lumbricales (S. 1 and 2). 

dductor hallucis (S. 1 and 2). 
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THE BLOOD VESSELS 

General consideration. The blood vessels are hollow lubes carrying blood and 
consist of arteries and veins. The arteries carry blood away from the heart to the 
periphery and arc likened 
to the tree with its bran- 
ches; all the arteries con- 
tain oxygenated (pure) 
blood except the pulmo- 
nary artery which contains 
deoxygenated (impure) 
blood. The veins convey 
blood from the periphery 
to the heart and arc liken- 
ed to the river with its 
tributaries; they contain 
deoxygenated (impure) 
blood except the pulmo- 
nary veins which contain 
oxygenated (pure) blood. 

The heart, an .auto- 
matic muscular pump, 
consists of four chambers, 
two atria, right and left, 
and two ventricles, right 
and left, Two great veins, 
the superior and inferior 
venae cavac, carry impure 
blood to the right atrium 
of the heart from where 
blood flows to the right 
ventricle through an ori- 
fice, the right atrio-ventri- 
cular orifice; from the right 
ventricle the impure blood 
is conveyed to the lungv. 
through the pulmonary 
trunk and its' branches, 
and after being purified 
(oxygenated) in the lungs, 
it flows back to the left 
atrium of the heart 
through the pulmonary 
veins; the purified blood 
from the left atrium passes 
to the left ventricle 
through the left atrio-ven- 
tricular orifice and the 
same is discharged from 
the left ventricle through 
the great arterial trunk, 
the aorta, and then 
through its branches, to 
the different parts of the 
body. Thus it appears 
that the heart distributes 
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oxygenated blood to the different tissues of the body through the aorta and ia 
branches from its left ventricle, and also sends impure blood to the lungs for purifies- 
tion through the pulmonary trunk and its branches from the right ventricle. Thus 
the ventricles act as distributing chambers whereas the atria are receiving chamber), ' 
The main systemic artery, that is, the aorta, and the pulmonary trunk, each 
measures about 1 £ inches in diameter; both these main trunks branch and rc-branch 
like a tree and ultimately become much smaller in size which arc just visible to the 
naked eyes and are known as the arterioles which measure about 150 jt or less In 
diameter. The arterioles further break up into minute branches which are not 
visible to the naked eyes and these minute branches are known as the eap'tllait: 
(L. capillus— hair). Each capillary measures about J to 1 mm. in length and 
about 8 to 10p in diameter. Thus red blood corpuscles, which measure about 
7 fi in diameter can pass tlirough a capillary' in a single file. 

Where a capillary ends, the smallest vein, which is known as a cemtle, begins as 
a continuation of the capillary and gradually becomes larger and larger as different 
venules join together to form a win; similarly smaller veins join together to form a 
larger vein and ultimately only two large veins, the Superior and the Inferior venae 
cavae succeed tn reaching the heart where they tnd by opening into its right artrium. 
Thus, it appears that the heart pumps out blood through its arterial system into the < 

different parts of the body and the 
same (after being depicted of its 
oxygen) is returned back into the 
heart by veins and this is what is 
known as the circulation of Hood. 

The circulation _ of blood 
through the aorta and its branches 
and its return into the heart by the 
superior and inferior venae cavae . 
arc known as the Systemic Circulation. 
Under the Systemic Circulation 
there arc smaller fields of circula- 
tion such as hepatic circulation, renal 
circulation, splenic circulation and 
cavernous circulation which deserve 
special mention and have been 
discussed in the appropriate places. 

The musculature of the heart 
itself is fed by the coronary' arteries 
(Right and Left) wliich arise from 
the ascending aorta, and the deox- 
ygenated blood from the muscula- 
ture of the heart returns into the 
right atrium of the heart through 
the coronary sinus and by other 
smaller veins and this consUtutes 
the Coronary Circulation. , 

The circulation of blood 
through the pulmonary trunk and 
its branches into the lungs Jor 
vowt* unss oxygenation and its return into the 

Fie. 578. H.. draw™ tf blood. (Dkcranatit) hoart by the pulmonary ;vej» [On- 

stitute the Pulmonary Ctrculalion . 

Structure of arteries. Histologically all arteries consists of three coats or 
tunics namely, the tunica externa or adventitia, the tunica media and the lunica tntuna 
from without inwards. 

Tunica Externa or Adventitia. This is the outermost layer of an artery and is 
"• formed mosdy by collagen fibres, a few elastic fibres, fibroblasts and the periartena 


ufrt* lines and 
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plexus of nerves. The structures of this layer are disposed longitudinally along the 
course of the artery. The vasa vasorum, when present, penetrate through this layer 
into the tunica media. 

Tunica Media. This is the middle coat 
and intervenes between the tunica adventi- 
tia externally and tunica intima internally 
and is formed by bolh muscular and elastic 
tissues. The type of an artery is usually 
dependent on the presence of the relative 
amount of the above tissues. In clastic 
type of arteries the clastic fibres predomi- 
nate, whereas in the muscular type, the 
muscular tissue predominates. The elements 
of this layer are usually disposed circularly around 
the vessel. Externally this layer is occa- 
sionally separated from the tunica adventi- 
tia by a thin layer of clastic membrane 
known as the external elastic lamina and 
internally by the internal elastic lamina which 
intervenes , between it and the tunica 
intima. 

Tunica Intima. This is the innermost 
layer and is formed by a layer of flattened 
endothelial cells. Underlying the endo- 
thelium is the loose subcndotheJial connective tissue and is separated from the 
tunica media by a layer of elastic membrane known as the internal elastic lamina. 
The elastic fibres of this lamina usually run longitudinally. 



Hg. 579. Arteries and veins. {Diagrammatic). 



Tig. 580. The structure of a medium- 
sized artery. (Microphotograph). 



F>g. 581. The structure of a sized 
artery. (Diagrammatic). 


A= Tunica intima. 
B«= Tunica media. 
C« Tunica adventitia. 


A = Endothelial lining. 

B« Subendodidial layer. 
C>=* Internal elastic lamina. 
D= Tunica media. 

External elastic lamina. 
F*=> Tunica adventitia. 
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Difference between an artery and a vein : 


j 

Artery 

Vein 

Walls 

! Thicker in consistency and clastic. 

1 Consists of three coats and from with- 
out inwards, they arc tunica adventitia 

1 (fibrous), tunica media (muscular), 
j and tunica intima (endothelial). 

Thinner in consistency and inelastic. 
Consists of three coats like the artery 
but much thinner in comparison. 

Lumen 

1 Lumen increases with each gush or 
' blood and there is no valvular arrange- 
ment. Comparatively smaller in cali- 
bre. 

Lumen is constant and ba3 valvular 
arrangements. Comparatively brgrr 
in calibre. 

Flow of 

Mood 

1 Flow is continuous with intermittent 
extra jerky load and is distributer! from 

1 the centre (Heart) to the periphery. 

, Rate of How faster. 

now Is continuous and passe* front 
the periphery to the centre (Heart). 
Rate of flow slower. 

Character 
of blood 

^ Carries pure blood (except the pulmo- 
nary arteries). 

Carries impure blood (except the j>ul- 
| monary veins). 


CLASSIFICATION OF ARTERIES 

According to structure: 

(a) Elastic type. (el Mixed type. 

(b) Muscular type. (d) Hybrid type. 

According to size: 

(a) Large arteries (Elastic type). 

(b) Medium arteries. ‘ 1 . , „„u.. , 

(e) Small arteries or arterioles. } u ^ 

Other types: 

(a) End-arteries. 

(b\ Vasa vasorum. 

(c) Helicine arteries. 

Elastic type. The clastic type of arteries are formed by the main arterial trunks 
"here elastic fibres predominate and almost replace the muscle fibres in the tuni ca 
media, which arc few and scanty. These types of arteries are specially adapted to 
meet the tensile force exerted by the column of blood discharged with each systole 
(contraction of ventricles) of the heart. By -virtue of the presence of elastic fibres 
the nails of these arteries yield sufficiently to the pressure with each gush of blood 
and at once recoil back to their original form, and thus assist in propelling the Wood 
to the periphery’. 

Muscular type. In the muscular type of arteries the muscular coat in the tunica 
media becomes conspicuously prominent and well-formed. The vasomotor nerves 
control these arteries and depending on the local conditions these arteries either 
dilate or contract under the influence of the \ asomotor nerves so as to regulate the 
flow of Wood to the capillary bed. Besides this the terminal arterioles are kno wnt° 
contract rythmically at frequent intervals "Inch enable them to propel the bl° p d 
through the capillaries. 

A fixed type. The arteries branch and re-branch like a tree and become gradually 
'smaller, in other words, structurally one type of arteries pass on to the other and 
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the transition is usually gradual. The intermediate portion of an artery which is 
undergoing transition from one to the other type, is a mixed type of artery structurally. 
The axillary, the external carotid and the common iliac arteries are of mixed types. 

Hybrid type. When cither the mixed or the elastic type of arteries suddenly 
change into the muscular type, they are called hybrid type of arteries. The visceral 
branches of the abdominal aorta arc of hybrid types. 

Regional peculiarities. The arteries supplying the different organs vary from 
eacli other considerably, as for example, the arteries of the white pulp of the spleen. 
In Uie white pulp the tunica adventitia is replaced by a tubular sheath oflymphocytcs. 
Similarly, the adrenal cortical vessels run into sinusoidal vessels within the cortex. 

The muscular tissue of the tunica media of thearlmts of the lower limb is more well- 
developed than those of the upper limb. 

The arteries within the shell arc thin-walled, their internal elastic lamina are 
well-developed and there is none or very- little elastic fibres in the tunica media. 
These arteries, being confined within the rigid cranial wall, are neither exposed to 
external influences, nor they can expand considerably and for these reasons their 
walls arc thin. 

In the umbilical artery the tunica intima has no internal elastic lamina and is 
formed only by the endothelium. The tunica media is very much well-developed 
consisting of two thick muscular layers, outer circular and inner longitudinal. At 
some places the longitudinal Fibres are absent. 

End-arteries. The end-arterics are those which have no pre-capillary anastomosis 
with any other adjacent arteries. Therefore, due to some reason or the other, when 
their lumen becomes occluded, the tissues supplied by them are cut off from their 
nutrition and ultimately they die resulting in either gangrene or infarction. 'Hie 
interlobular arteries of the kidney, the vasa iccta of the mesentery, the arteries with- 
in the spleen and the central artery to the retina are examples of end-arteries. 

In some situations, a particular artery might have pre-capillary anastomosis 
with adjacent arteries but, in the event of obstruction in these arteries, collateral 
circulation fails to occur to such an extent as is necessary to maintain healthy function 
of the part concerned. Such arteries, inspitc of having collateral anastomosing 
connections behave like end-arteries and are known os functional end-arteries. Thus 
end-arteries may he either anatomical (having no pre-c3pillary anastomosis) or 
functional.' The coronary arteries of the heart and the appendicular artery’ are 
examples of functional end-arteries. 

Vasa casorum. These are small arteries which supply the walls of the larger 
and medium-sized blood vessels. They are derived either from the main trunk 
or from the adjacent arteries and penetrate into the walls of the large — and medium 
sized arteries and veins. They supply the tunica adventitia and a part of the 
tunica media. The rest of the walls of these blood vessels are supplied by diffusion 
of nutrient material from the contained blood within the lumen of these vessels. 

Helicine arteries of (he penis . These arteries form a group by themselves and 
are peculiar to other arteries in that, instead of ending into the capillary bed, they 
end by opening into irregular, dilated spaces known as the cavernous spaces which 
are lined by endothelial-like flattened cells. These lining cells are continuous 
with the lining endothelium of the feeding artery on one side and with the endo- 
thelium of the emerging vein on the other side. Here the cavernous spaces take 
the place of the capillaries in other tissues. The circulation of blood from the 
arterioles to the cavernous spaces and then to the veins constitutes what is known 
as cavernous circulation. The helicine arteries are structurallypeculiarrn that their 
intimal layer presents a corrugated appearance. 

While the vessels are empty these ridge-like elevations, by their close apposition, 
shut off the lumen of the vessels partially. It seems that this mechanism allows 
the cavernous spaces to remain decongested during flaccid condition of the penis. 
By nervous influence these vessels open up and the cavernous spaces become rapidly 
filled up causing expansion and elongation of the penis. Expansion of the cavern- 
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ous tissues causes distension of the rigid penile fascia which mechanically obstructs 
the flotv of blood from the deep dorsal veins of the penis thereby causing suffnro 
and erection of the penis. 

Arterial anastomosis. Arteries are often found to anastomose with one 
another in the region of their distribution, particularly over the region of the joints. 
It seems that inter-connection of arteries in the form of anastomosing -network is 
a means of establishing collateral circulation, case, one of the distributing arteries 
is blocked. Moreover arterial anastomosis is a device to maintain steady arterial 
piessurt in those parts which are subjected to frequent movement such as, the region 
of tiic joints, and also it helps in maintaining Uniform arterial pressure in the region 
of the distribution. 

There are two tv pcs of arterial anastomosis namely, actual and potential. 

Aitual artenal anastomosis. Here the arteries anastomose end to end and when 
divided, blond spurts out from both ends of th«j divided vessel. In case of occlusion 
of any member of such an 
anastomosis, nutrition of the 
tissues under the control of 
these art rues docs not suffer 
because of the free anastomosis. 

The anastomosis between the 
tight and the left gastric arteries 
along the lesser curvature of the 
stomach, between the ovarian 
and uterine arteries, between 
the inter-costal arteries and 
that between the labial branches 
of the facial artery in the upper 
and the lower lips, are ex- 
amples of actual arterial anasto- 
mosis. 

Potential anastomosis. In 
potential anastomosis there is 
pre-capillary anastomosis be- 
tween the terminal arterioles of 
adjacent arteries. Under this 
condition occlusion of any 
member of the anastomosing 
arteries affect badly the nutri- 
tion of the tissues concerned as 
an immediate effect, because 
the anastomosing channel is too 
narrow to cope with the de- 
mands. However, provided that sufficient time is allowed, die anastomosing chan- 
nels may dilate considerably to meet the demands. The anastomosis between the 
coronary arteries, the nitcrial anastomosis ar 0U nd the joints and that between the 
cortical arteries of the cerebral hemispheres are examples of potential anastomosis. 

Mode of termination or an arteriole. As it has already been said that an 
artenole usually terminates by running into (1) a capillary bed which is drained by 
the venules. Depending on die tissues they supply, the capillary pattern varies 
widely, as for example, in the nail bed they f onn irregular fish-hook-shaped loops 
whereas m the kidnev, they form g!omenilus-_,he terminal efferent arteriole ends 
into a senes of arched loops which are joined together on the other end to form the 
efferent artenole which is again thrown into capillary bed which is drained by the 
venule. r ’ 

. An instead of running into capillary bed may end into 

sinusoids as in the liver, bone marrow, etc. 



ANASTOMOSIS between proximal and 
DISTAL BRANCHES 

Fig. 582. Actijji anastomosis between proximal and dutil 
branches an j the route* of collateral circulation after 
ligature oT the main artery- (Diagrammalie). 
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(3) It may terminate into cavernous spaces instead or breaking into capillaries. 
It may terminate into irregular spaces formed by a network of cells— -open 
pulp circulation of spleen. 

Functions of the arteries. When \ve think about the functions of the 
arteries it is better we look into their structure. They are tubular structures with 
clastic walls consisting of three tunics which have already been discussed. They 
carry blood in their lumen and transport it to various parts of the body and feed 
the capillar)’ system through which the tissues get their nourishment. The flow 
of blood through them is continuous with intermittent additional gush corresponding 
to the systole of the heart. The driving force of the heart is responsible for the 
discharge and circulation of the extra load during systole but during diastole, when 
the heart is at rest, the driving force required for circulation is taken over by the 
arterial walls which by their elastic recoil on the contained blood, acquire a driving 
force necessary for circulation. Therefore, the clastic nature of the arterial walls 
is responsible for circulation and maintenance of B, P. during diastole. Moreover, 
the coronary' arteries of the heart, which by their origin opposite the aortic valves, 
are deprived or the driving force of the contractile heart for their filling and circula- 
tion within them, because during the systole the valves arc compressed against the 
walls of the aorta which closes the month of the coronaries. When the aortic valves 
close during diastole the mouths of the coronaries remain open and it is the elastic 
recoil of the aortic wall which drives the blood into them for circulation. Thus the 
functions of the arteries may be summarised as follows : 

(1) Transport of blood to the capil- 
lary system through which the 
tissues* get their nourishment. 

(2) The clastic recoil of the arterial 
wall fclastic type) on the con- 
tained blood, acquire a driving 
force which maintains the circula- 
tion during diastole when the 
heart is at rest. 

(3) Tiie muscular type of arteries, 
cither fry contraction or by re- 
laxation, decrease or increase the 
flow of arterial blood in a parti- 
cular region of the body respec- 
tively. These activities of the 
muscular type of arteries are con- 
trolled by the vasoconstrictor and 

■ the vasodilator nerves respectively. 

(41 Maintains blood pressure. 

(5) Maintains coronary circulation. 

Capillaries. The capillaries are 
minute vascular channels given out by the 
terminal arteriole, arranged in the form 
of a network known as the capillary bed 
and are invisible to the naked eyes. The cross-section of the capillary bed is much 
greater than the lumen of its feeding artery and thus the capillary bed provides 
a means by which the blood i$ widely dispersed into the tissues. The term 'capillary’ 
is derived from the latin word ‘Capillus’ meaning a hair because they have a 
semblance to that structure. The blood from the capillary bed is drained into 
the smallest vein knotvn as the vtnule. 

Histologically each capillary is formed by a single layer of endothelial cells which 
are arranged longitudinally and are held together by a minimum of cementing 
substance in between the cells. Surrounding the endothelial tube, in some capil- 
laries, is a delicate layer of connective tissue (perithelium) which separates it from 



fig. 563. The capillary bed. (Diagrammatic^, 
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the surrounding structures. In addition to a few scattered fibroblasts, raacrophanj 
and a variety of more primitive cells resembling the embryonic mesenchyme tells 
known as the adventitial cells and cells with branching processes known as thejforai 
cells or peruytes are also found in the walls of the capillary tube. The function of the 
Rouget cells is still a matter of controversy, although, at one time it was believed that 
they 'were concerned in the contractility of the capillary wall. 

Each capillary usually measures about $ to 1 mm. in length and about 8 to 
10ji in diameter and thus R.S.Cs can run in the capillaries in a single file. 

Capillary patterns. Normally a terminal arteriole breaks up into a network of 
minute vessels, which are invisible to the naked eye, and are drained by the venules. 
This is the usual or typical pattern in most of the tissues, although, depending on the 
functions, there are some variations in the mode of arrangement of the networks in 
some tissues. In the intestinal villi the capillaries form a complex network, in the 
muscle they are arranged in longitudinal vessels running between the parallel fibres 
and cross connected to one another by short branches, in the nail bed die capillaries 
are arranged in characteristic fish-hook-like loops. In the kidney the capillaries are 
arranged in a special formation known as the glomerulus which consists of a compli- 
cated capillary loop which has a feeding artery, the afferent artery and a draining 
artery, the efferent artery. 

Properties and functions of the capillary wall. Contractility, elasticity and per- 
meability are the essential properties of the capillary wall and for these, the capi- 
llaries are greatly concerned in tissue nutrition and tissue metabolism. 



Tig. 584. The capillaries in glomerular formation Fig. 585. The capillary pattern *** an 
in the kidney. intestinal villus. 


Sinusoids. In some organs namely, liver, bone marrow, spleen, adrena 
gland, etc., the connections between the arteries and the veins, instead of being Kj*’’ 
med by capillaries, are effected by some vessels of irregular outline known as the 
sinusoids . The sinusoids have no constant bore which vary from 5 to 20 microns 
in diameter or more. Structurally, their walls arc not formed by a continuous lining 
of endothelial cells but instead, they are made tip of both endothelial and phagocytic 
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ceils- Unlike the capillaries the outlines of the cells are not demonstrable after 
treatment with silver nitrate in most cases. The walls of the sinusoids are accom- 
panied by a membranous networks of reticular fibrils. 

The differences between the capillaries and the sinusoids' are given below in a 
tabular form. 


Differences between a capillary and a sinusoid ; 



Capillary 

Sinusoid 

Walls & 
Lumen 

Have regular outline with uniform 
bore. 

Have irregular outline with irregular 
bore which varies from 5 to 20 microns 
or more. 

Structure 

J 

Structurally lined continuously by a sin- 
gle layer of endothelium surrounded by 
the perithelium. 

Structurally lined by both endothelial 
and phagocytic cells and are surround- 
ed by a network of reticular fibrils. 


i The outlines of the cell bodies can be 
demonstrated clearly by treatment 
with silver nitrate solution. 

The outlines of the cell bodies cannot 
be established definitely by treatment 
with silver nitrate solution. 

Development 

They develop as endothelial tubes. 

! ■ 

Develop as wide blood spaces which 
are subsequently subdivided into irre- 
gular spaces by the developing tissues 
within which they are situated. 



Arterio-venous ana- 
stomosis. Contrary to the 
former belief that arteries 
never open into the veins 
directly except through the 
capillary bed, it is now 
known that direct arterio- 
venous communication not 
only exists but they are fairly 
widespread in the human 
body. In this anastomosis 
the terminal arteriole before 
terminating into the capil- 
lary bed gives off a short 
branch which directly opens 
into a vein. This type of 
anastomosis is usually pre- 
sent in the skin, particularly in the hand and digits, in the mucous membrane of 
the nose and intestine, the thyroid gland and in the sympathetic ganglion. Direct 
communication between the vein and the artery is a normal feature in the placenta. 
In the foetus also arterio-venous anastomoses are quite frequent. . 

The arterio-venous anastomosis is a means of short-circuiting the circulation 
whenever it is necessary. 

The communicating channel between the artery and the vein (arterio-venous 
anastomosis) has well-developed circular muscular coat in its wall which is contro- 
lled by the vasomotor nerves. Depending on the local needs, this muscular coat 
either contracts or relaxes thus behaving like a ‘sphincter’. When it contracts, 
the anastomosis becomes ‘closed’ and the blood has to pass through the capillary 
bed before it can pass to the veins. When it relaxes, the anastomosis becomes 
41 


Fig. 586. The sinusoidal termination of the arteriole. 
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‘open* and the blood is short-circuited into the vein without having passed through 
the capillary bed. By this short-circuiting arrangement a greater amount of blood 

can circulate in a particular area 
in a short time, but at the S3me 
time, the blood having no accea 
into the capillar)’ bed, gets no 
chance to be utilised by the tissues 
because the latter can only be 
nourished by the blood when it 
has passed through the capillaries, 
Therefore, it appears that when 
the arterio-venous anastomosis 
operates the nutrition of the tissues 
suffers but at the same time, local 
warmth improves due to greater 
amount of blood circulating in the 
area. Thus the arterio-venous 
anastomosis is considered to be a 
device to prevent the chilling 

effects and this is well-understood 
w-hen location of such anastomoses, 
such as in the skin, toes, fingers 
and in the nasal mucous mem- 
brane, is taken into account. 

Age-changes in the arteries. The age-changes in the arteries are slow 
processes in which the earliest blood vessels of embryonic life, which consist of simple 
endothelial tubes, develop gradually into fully formed arteries by about 25th to 30th 
years of life after birth. Afterwards regressive changes appear slowly and become 
w cll-cstablished in the old age. Thus the age-changes in the arteries may be dis- 
cussed under two heads, physiological changes and regressive changes. 

Physiological Changes. The physiological age-changes in arteries are not 
the same in the two main types of arteries (elastic and muscular) but they differ m 
details as follows : 

Elastic type of arteries. In a four month’s old human embryo, the elastic type c* 
arteries, as is seen in the aorta, are seen to consist of three main layers, tunica intima. 
tunica media and tunica adventitia. The tunica intima consists of tlic endothelial 
lining and the internal elastic lamina. The tunica media consists of sescral layers 
of circular muscle fibres and flat networks of clastic fibres which intervene between the 
muscle layers. The tunica adventitia forms a thick layer, tlucker than the 
media, and consists of embryonic connective tissue. Later on, during the end ol 
the intraembryonic life the internal elastic lamina becomes thicker, the flat networks 
of clastic fibres in the tunica media become condensed into several thick membranes, 
the muscular layer becomes slightly tlucker but the tunica adventitia becomes 
slightly smaller in thickness. After birth the number and the thickness of the elastic 
membrane in the tunica media both increase gradually and a elastic muscular 
develops in the intimal layer which intervenes between the endothelium ana the 
internal elastic membrane or lamina. At about the age of 25th year the differentia- 
tion of all these layers are complete. 

Muscular type of arteries. During mid-embryonic life a muscular type of artery, 
such as the brachial, consists of the usual three layers; the intimal layer consists oi 
the endothelial lining and a well-defined internal elastic lamina; the tunica 
consists of the smooth muscle layer and the tunica adventitia contains a well-dennea 
_extemal elastic lamina and a surrounding connective tissue layer. Subsequently 
the three layers of the arterial wall become gradually thicker but the media become* 
the thickest layer sharply demarcated by the external and internal elastic laminae. 
After birth, a connective tissue layer develops gradually between the endothelium 
and the internal elastic lamina. 



Fig. 587. The arrangement of arterio-venous 
anastomosis. 
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Regressive Guanoes. Elastic type of arteries. In the elastic type of arteries, 
such as the aorta, the tunica intima becomes irregularly thick and fat infiltrates 
into its mtertices and ultimately degenerative changes commence to proceed to 
arteriosclerosis. In the tunica media the elastic membranes become degenerated 
in which the el as tin, which is responsible for the elasticity of the elastic fibres, is 
converted into etacin, a non-elastic substance. 

In the muscular type of arteries the main change is the calcification within the tunica 
media r. There is also thickening of the tunica intima due to splitting of the internal 
elastic lamina and new formation of collagen and elastic fibres. 

Growth and repair. The blood vessels can proliferate throughout life, 
particularly in the embryonic life and during the growing period. The growth of 
tiie blood vessels is manifested in two forms, either by multiplication or the capi- 
llaries by proliferation, or by enlargement of the existing vessels. 

Depending on the demands, some of the existing capillaries may regress while 
some new ones may be formed in a new direction or they replace the old ones dama- 
ged by usual wear and tear. The capillaries grow by the process of ‘sprouting’ 
in which, from the summit of a existing capillary loop the endothelial cells proli- 
ferate to form solid buds. Later on, these solid buds enlarge, canalised and become 
continuous with the parent stem and allow the blood to flow into them. 

In some conditions, as in the obstruction in an artery its anastomosing colla- 
terals sufficiently enlarge to maintain the circulation. The capillaries may also 
enlarge sufficiently and may acquire secondary coat to meet the local demands. 

When an artery is completely divided the walls of its cut-ends retract consider- 
ably due to the presence of the elastic fibres. When it is partially divided, its walls 
retract from the site of the injury resulting in a button-hole opening in its wall. In 
the healing of wounds the capillaries play an important role. They proliferate 
quickly by the process of ‘sprouting’ and the pericapillary fibroblasts multiply to 
form the granulation tissue. The fibroblasts lay down collagen fibres and the wound 
is healed by the formation of the scar tissue. 

THE VEINS 

The veins are likened to the river with its tributaries and carry the deoxygenated 
blood (except the pulmonary veins) from the tissues to the heart in a continuous 
stream. Compared to the arteries, their walls are thinner, and are of larger calibre 
but the rate of flow is slower. The comparative larger calibre of the veins is ex- 
plained by the fact that, in spite of their slow rate of flow, they are to empty the same 
amount ot Vlood in a given time prope’ued through the arteries. Tims the iarger 
calibre of the veins is a compensatory mechanism in relation to the slower rate of 
flow. Because of the low intraluminal pressure, their walls become less resistant and 
thinner. Moreover, for want of proper driving force, veins are to depend much on 
their external environment for efficient venous circulation and their thinner wall is 
an adaptation towards efficient circulation by extraneous influences an the form of 
pressure and compression. Veins usually accompany the arteries with which they 
are bound together by connective tissue. Large arteries are usually accompanied 
by a single vein whereas medium arteries, particularly those of the limbs, are accom- 
panied by a pair of veins, one on each side and connected together across the artery 
by transverse veins at certain intervals. The paired veins accompanying the ar- 
tery are known as venae comitantes. There is wide range of variations in the course 
of the veins and accordingly their course varies to some extent from man to man. 

Classification of veins;. Blood from the head, neck, superior extremity and 
the thorax drain into the right atrium of the heart through superior vena cava 
whereas the blood from the abdomen, pelvis and inferior extremity drain into the 
right atrium of the heart through inferior vena cava. Cardiac veins mostly drain 
into the right atrium of the heart through the coronary sinus, a few of them opening 
directly into the right atrium. The pulmonary veins drain their blood into the left 
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atrium of the heart. Thus the veins can be divided into two main groups, (a) those 
draining their blood into the right atrium, and ( b ) the pulmonary' veins which drain 
into the left atrium. The veins which drain their blood into the right atrium are 
called systemic veins. Systemic veins can further be sub-divided regionally such » 
veins of the head and neck, superior extremity, thorax, abdomen, pelvis and inferior 
extremity and cardiac veins which form a group by themselves. According to size, 
veins are also divided into large veins, medium veins and small veins (venule). 

Besides the veins of the systemic and the pulmonary circulation, the vara 
draining the abdominal portions of the gastro-intestinal tract together with the 
spleen and the pancreas have some special features peculiar Co them, although, 
they drain ultimately into the systemic veins. These veins (veins draining the 
abdominal portions of the gastro-intestinal tract together with the spleen and !M 
pancreas) are known as portal system of veins. 

Special features of portal system of veins. They begin as veins and ultimately draio 
into a large single vein, the portal vein, which ends like an artery. The terminal 
venous capillary joins with a terminal capillary from the hepatic artery to form an 
arterio-venous common channel, the hepatic sinusoid, the blood from which drams 
ultimately into the hepatic veins which empty their content into the inferior \eoa 
cava (systemic vein). The blood from the portal system feeds the liver to provide U 
with various raw materials for elaboration of various essential Substances for ' the 
body. The portal system of veins have no valves and they carry deoxygenated ohm 
containing nutritive materials from the gastro-intestinal tract. 

Besides the portal system of veins, which forms a venous territory under the 
systemic veins, there arc veins in association with the vertebral column and these 
veins are collectively called vertebral venous system. 

Histological structure of veins. Histologically the veins resemble th* 
arteries in structure but here the coats are much thinner and arc less well-formed, 
The large and medium veins, veins of the uterus (particularly during pregnancy), 
deep veins of the penis and the pulmonary veins have well defined muscular coal 
whereas the veins of the sinuses of dura mater, veins- of the bone marrow, veins of the cram cm 
the spinal cord, the retinal veins and the venules in general, have no muscular coat at au 
Moreover, except the cerebral veins, the portal vein and the veins of the bone marrow, 
all the veins are provided internally with valves which are formed by the reduplica- 
tion of the endothelial lining. In between the reduplicated linings the valves con- 
tain some elastic and collagen fibres. 

Mechanism of venous circulation. The mechanism of venous circula- 
tion, that is, the means by which the blood from the different parts of the body u 
returned to the heart by the veins, involves a series of factors which act together m 
orderly sequence. The following forces work in the mechanism of venous circu ■ 
lion : 

(1) Squeezing action . (a) The venous wall being thinner, the veins that pa® 
through the muscles are squeezed during muscular action towards the heath W 
During inspiration, with the descent of the diaphragm muscle, the intra-abdomina 
pressure rises which also has a squeezing effect on the intra-abdominal veins. 

(2) Intralhoracic suction action. During inspiration the negative pressure within 
the pleural cavity increases which exerts a suction action on the great veins. 

(3) The venous valves. Intraluminal valves effectively aid the venous 
circulation in that, once a column of blood passes ahead of the valve it cannot la 1 
back. 

(4) Force of gravity. The force of gravity plays a part in venous return when the 
Vcin ? < - ome he in position higher than the heart. Normally the venous now’ ^ 
the head and the neck are influenced (aiding venous return) by the gravity, ^irni" 
larly the veins of the limbs being at a lower lev-el than the heart, grav tty hinders 
venous return which is counter-acted by other factors (intraluminal valves an 
squeezing action). 
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(5) Driving force. The inlra-capillary pressure is higher than the intravenous 
pressure which exerts a driving force on the column of blood from the capillaries to 
the veins. 

(6) Volume of blood. The volume of blood must 
be sufficient to maintain a steady circulation. With 
the increase of blood volume the venous return in- 
creases and with the decrease it decreases. 

(7) Other factors. Factors which constrict the 
veins increase venous flow whereas those dilate them 
decrease venous flow. Like the arteries, constriction 
and dilatation of veins arc under the control of vaso- 
motor nerves and chemical and physical agencies. 

Nerve supply of the blood vessels. Both 
arteries and veins are supplied by motor and sensory 
nerves. The motor nerves supplying the blood vessels 
are called vasomotor nerves which are derived from the 
autonomic nervous system (sympathetic fibres mostly 
and a few parasympathetic). The vasomotor nerves 
may be vasoconstrictor — that which constricts the blood 
vessels — or vasodilator — that which dilates the blood 
vessels. The sensory nerves of the blood vessels may 
be called vasosensory nerves which may be either general 
or special. The general vasosemory nerves are mostly 
concerned in carrying pain sensation. The special 
sensory nerves are distributed to the great vessels of 
the heart and are concerned in co-ordinating heart’s action. 

Although the nerves supplying the blood vessels are vasomotor and vasosensory, 
yet their functions are not always clearly understood in all cases. Thus the action 
of vasomotor nerves is not found to be so well manifested in cases of larger arteries 
and capillaries as it is found in cases of arterioles and smaller arteries. Similarly, 
not all the vasosensory nerves are of the same type with similar functions. The great 
vessels of the heart as well as the carotid sinus have special sensory mechanism to 
subserve special functions in co-ordinating heart’s action. The following is a brief 
outline of the sensory nerves of the great vessels of the heart and the carotid sinus : 

The sensory or afferent nerves supplying great vessels are of three types while 
those supplying the region of the carotid sinus are of two types — (a) those supplying 
the carotid sinus proper and (A) those supplying the carotid body. 

Afferent or sensory nerves of the great vessels of the heart. (1) Aortic 
nerve. The aortic nerve terminates in special end-organs which are distributed to 
the tunica adventitia of the arch of the aorta and the roots of the great vessels that 
arise from it. Each nerve filament is a medullated fibre which winds spirally round 
the vessels in between the fibrous lamellae of the tunica adventitia and ends in an 
expanded extremity. The aortic nerve ascends along the fibres of the vagus nerve 
and ends centrally in the lower part of the medulla oblongata. The aortic nerve 
terminals react with the pressure changes within the arch of the aorta and the roots 
of the great vessels that arise from it and reflexly co-ordinates the heart’s action 
through the centre in the medulla. With the rise in pressure, there is reflex vasodila- 
tion, fall of blood pressure and slowing of the heart beat; similarly with fall of pre- 
ssure, there is vasoconstriction, rise in B.P. and increased frequency of heart beat 
reflejdy. A chmo-receptor is also known to be present in some area on the walls of 
the aortic arch and is known as aortic body, or glomus aorlieum. Functionally these 
chemo-rcceptors work in the same way as the chemo-receptors of the carotid body 
{Vide below). 

(2) The intrapericardial portions of the superior and inferior venae cavae are 
also supplied by sensory nerves which also react with pressure changes within them. 
Thus when the intravenous pressure rises there is increased frequency of the heart 



Fig, 588. The interior of a 
vein showing the valves. 
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beat and with the faE in pressure there is slowing of the Iieart beat — (Brain-Bridge 
reflex). These fibres also pass along the vagus nerve. 

(3) The third type of afferent nerves supplying heart are those which pass alorg 
the middle and inferior cervical cardiac nerves and thoracic cardiac nerves. These nerves fire 
concerned with the painful sensations. 

The sum nerve.* The afferent nerves supplying the carotid sinus are derived 
from the glossopharyngeal nerve and they end in termination similar to that of aortic 
nerves. Functionally they act in the same way as the aortic nerves and are concern- 
ed in co-ordinating heart’s action in relation to pressure changes within the carotid 
sinus. v - 

A ' D. The carotid sinus is a localised dilatation of lie internal carotid artery just at its origin 
from the common carotid artery. Occasionally the position of the carotid sinus _ vanes and it mar 
occupy the terminal end of the common carotid artery and may extend to the origins of the extern*! 
and internal carotid artery. The wall of the sinus is thinner than rest of the artery and is due to 
partial localised deficiency of muscle fibres in the tunica media of the vessel. 

The nerve supply of the carotid body. The carotid body is a mass of epitheloid tissue 
situated at the bifurcation of the common carotid artery close to the carotid sinus. 
Within the carotid body are found numerous sinusoidal blood vessels. The glosso- 
pharyngcal nerve terminates within the body in exceedingly fine ramifications which 
come in close relation with the epitheloid cells and also reach beneath the sub-endo- 
thelial lining of the sinusoidal blood vessels. Functionally these nerve terminals act 
as rkcmo-receplors* , that is, they re-act with some changes in the chemical composi- 
tion of the blood. With rise in />H content of the blood or carbon-dioxide tension or 
with diminished oxygen content these nerve endings are stimulated and reflexiy 
increase the frequency of the heart beat and respiration and raise the blood pressure. 
Similarly opposite results are found with decrease in pH and carbon-dioxide 
content of the blood and with increase in oxygen content. 

The efferent or the vasomotor nerves. The efferent nerves are distributed 
to the walls of the heart (Vide nerve supply of the heart) as well as to the walk of the 
blood vessels. The vasomotor nerves of the blood vessels may be either vasocons- 
trictor or vasodilator. They may be derived either from the sympathetic or the 
parasympathetic or from both the components of the autonomic nervous system. 
The most of the vasomotor nerves are however sympathetic nerves. 

The paras) mpathetic vasomotor nerves are mostly vasodilator nerves. The nervi erigentes 
from third and fourth sacral nerves dilate the penile vessels. They may be however 
vasoconstrictor as well. The coronary arteries are constricted with stimulation ol 
parasympathetic. The sympathetic vasomotor nerves are mostly vasoconstrictor nerrts , 
although, a few may act as vasodilators, as for example, the sympathetic nerves 
supplying the coronary and the pulmonary arteries are vasodilators. 

_ The vasomotor nerves of the limb-vessels. The vasomotor nerves of the limbs are 
derived from the sympathetic nerves and are distributed to the arteries In two seUi 
proximal and distal. The proximal sets are derived directly from the sympathy 
ganglia and are distributed to the walk of the main arteries as periarterial shca'n 
which extends along the main artery of the limb for a variable distance. The distal 
sets are derived from the peripheral nerves which are distributed to the walls of die 
arteries. > 

The sympathetic outflows (proximal and distal) for the upper limb arteries are derived 
from the second to the tenth thoracic segments of the spinal cord (preganglionic fibres) and tnc! 
end into the upper four thoracic, and inferior and middle cervical sympathetic gang- 
lia from which the post-ganglionic fibres are distributed to the limb arteries m pro- 
ximal and distal sets. 

The sympathetic outflows for the lower limb arc derived from the eleventh ant 
twelfth thoracic, and the first and the second Jumbar segments of die spinal cord anc 
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are distributed along with the same segmental nerves (11th, 12th thoracic and 1st, 
2nd lumbar nerves). These terminate by relays in the fourth lumbar to the 
third sacral ganglia from where post-ganglionic fibres are derived and are distri- 
buted to the lower limb arteries in proximal and distal sets. 

The splanchnic arteries are supplied by post-ganglionic fibres from the coeliac 
ganglia and their pre-ganglionic fibres are derived from fifth to 9 th thoracic 
segments of the spinal cord. 

The cerebral blood vessels are supplied by sympathetic nerves. The pre-ganglionic 
fibres arise from the first thoracic segment and the post-ganglionic fibres arise from 
the inferior and the superior cervical sympathetic gangUa and run along with the 
internal carotid and the vertebral arteries. 

Development of blood vessels. All the blood vessels are of mesodermal 
origin and are developed by growth and differentiation of the mesenchymal cells 
or the primitive connective tissue cells. The essential feature in the development 
of blood vessels is the formation of vascular endothelium which appears almost 
simultaneously in the area vasculosa of the yolk sac, in the body stalk and in the 
chorion and subsequently, within the embryo (from the intra-embryonic mesoderm); 
later on, communication is established between the extra-embryonic vascular’ 
endothelium and the intra-embryonic vascular endothelium and a closed system of 
endothelial blood vessels is formed and with the formation of the latter the circula- 
tion is established. 

Formation of vascular endothelium. The vascular endothelium begins as endothelial 
capillaries and is formed by differentiation of the mesenchymal cells. In the region 
of the formation of future endothelial capillaries, the mesenchymal cells are arranged 
in isolated dumps known as the angiob lasts. The angioblasts send out solid out- 
growths known as angioblastic cords which interlace with one another. Later on, 
the central cells of the angioblastic cords further proliferate and there is accumula- 
tion of fluid (plasma) within the cords. As a result of this, the peripheral cells of 
the cords become flattened and they tend to be separated from the central ones 
by the accumulated fluid plasma inside the angioblastic cords. Then the angio- 
blastic cords become canalised in which the peripheral flattened cells form the 
endothelial lining and the central cells are arranged in clumps to form ‘blood is- 
lands’ which are still attached to the endothelial lining. With the further accumula- 
tion of fluid plasma the ‘blood islands’ become detatched from the inner wall of the 
endothelial lining and later on, red blood corpuscles are formed by further differentia- 
tion of the cells of ‘blood islands’. 

Thus it is evident that all arteries either small or large begin as endothelial 
capitfaries and facer on, other elements of the arteries, that is, the n itiscuter and 
fibrous tissue elements are added to them from the surrounding mesenchymal cells. 

It is also known that once the vascular capillaries are developed no new capillaries 
are formed independently but their formation may occur by a process of budding 
from the endothelial cells of the existing capillaries. 

The earliest formed vascular capillaries are arranged in extensive networks, and 
with the growth and development of the embryo, some of them are either absorbed 
or are amulgamated together to form larger vessels in definite patterns and ulti- 
mately, according to the needs, definite arteries are formed to subserve the function 
of the particular parts. 

Some clinical aspects of the blood ves sels- The pulse. Some of the super- 
ficial arteries are seen to be pulsating while some others can easily be palpated. 
Clinically, the radial artery is felt just above the wist and many a useful information 
are noted regarding the heart’s condition and about the condition of the arterial 
wall in general. The feeling of the radial artery by the fingers is popularly known as 
‘the feeling of the pulse’ (radial). It is the regular, pulsatile expansion of the 
arterial wall which is synchronised with thcsystole of the heart and can be felt with 
the finger. The normal resting pulse rate in the adult is between 70 and CO beats 
in a minute and it varies with age, sex and with exercise and rest. 
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The blood pressure. It is the lateral pressure^ exerted by the column of blood on 
the walls of an artery and is measured by an instrument known as the sphygmo- 
manometer. During systole, the ventricles of the heart contract to force out seme 
(5 OZ) additional quantity of blood into the arterial system which reciprocally 
exerts additional pressure on the walls of an artery’ and the maximum pressure on the 
arterial walls during the systole of the heart is known as the systolic pressure and the 
minimum pressure "during the diastole of the heart is known as the diastolic bressto:, 
The normal systolic pressure ranges from 110 to HO mm. Hg. and the diastolic 
pressure from 70 to 90 mra. Hg. in the adult. However it varies with age, sex, rest, 
with exercise and in diseases. 

The retinoscopy. The retinal blood vessels can be seen brilliantly in the living 
body with the aid of an instrument known as the ophthalmoscope. _ Such observa- 
tion gives us an opportunity to look into the vessels directly, and with little experience, 
it may be possible not only to know about the local condition but also to have an 
estimate about the conditions of the arteries in general. 

Angiography. It is a method of investigation in which a radio-opaque substance 
is injected into the blood vessels and subsequently a radiogram is taken. This guc* 
a picture about the pattern, field of distribution, the patency’ of the injected vesrels 
and about the routes of circulation of the injected vessels. 

J't'.B. It u believed that the white blood corpuscles arc formed outside the capillary rruiotliclium 
from the mesenchymal cells and that they crawl their way through the walls of the vessels to gel 
their lumen, • 


THE PERICARDIUM 

The pericardium forms a conical fibro-serous, membranous bag which enclose 
the heart with the great vessels contained within the middle mediastinum, and 
separates them from the anterior and the posterior chest-walls by the overlapping 
lungs in front, and by the structures of the posterior mediastinum behind. It lies 
opposite the body of the sternum together with the se cond, third, fourth and the 
fifth costal cartilages atpicbcd to it and extends from the body of the film to that of the 
eighth thoracic vertebra. 

Structurally, it consists of outer fibrous and inner serous layers. 

The fibrous pericardium forms a strong, dense membrane which surrounds the 
heart and fixes it partially with the back of the sternum and with the great vessels 
and acts as a ‘sling' for the heart. It also limits its sudden overdistension. 

Attachments. Superiorly, it is fused with the walls of the great vessels and «-* 
continuous with the pretracheal layer of the deep cervical fas cia. I nf cnorb, it_ »* 
attached to the. central tendon of the diaphrag m and for a small extent. to~the muscu- 
lature ofjhc same. Itsattachrnenrt<Ttire muscular part ofThe diaphragm JlS©’® 
more on the left side than that on the right. Anteriorly , the fibrous pericardium is 
attached to the hack of the st ernu m by two ligamento us bands knovynjis_t.he.sup cr< . Q | 
and the _ inferior stemopencardial~h'gamcn{3.'“Thc_ supcriorl-steniopericardial 
ligament is attached to the backjjf the upperpart of die body, of the sternum whereas 
the inferior sternopericardial ligamentris attached to the back of the lower part of the 
body of the sternum. The fibrous pericardium invests all the great vessels connected 
to the heart except the inferior vena cava. 

The serous pericardium consists of parietal and visceral Jayers which are conti- 
nuous with each other. The parietal layer of the serous pericardium lines the Inner 
surfaces of the fibrous pericardium and then is reflected on to the great vessels and to 
the surfaces of the heart to form the visceral pericardium .which is also known asthr 
cpicardium. In between the parietal and the visceral layers, the serpus pericardium 
encloses a closed cavity known as the pericardial cavity. 

The pericardial, caeiiy is a closed sac formed between the" reflections of the 
visceral and the parietal layers of the serous pericardium. Normally the pericardial 
-'•avity contains a glairy fluid formed by the serous pericardium. The amount of the 
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is just sufficient to form a thin film over the opposing surfaces of the viscer 
parietal layers of the serous pericardium and this acts as a perfect lubricant 
ires free movement of the heart. 



The pericardial cavity consists of a main portion and two recesses, the transverse 
sinus and the oblique~sinus. The transverse sinus is that part of the pericardial 
cavity which intervenes between t he visceral layer of the serous pericaridium cnclo s- 
ing the aorta an d the pulmonary trunFriTfronL a^lhe visceral pericirijiuin jnyggttOil 
the a trarybehind, in othe r words, it is bounded in f ro nt by the pulmonary trunk an d 
the ascending adrf a 'ahtTHehind hy both the atria. 

AtC. In early embryonic Jife ihe primitive heart forms a tube whichis invagina ted into th e 
serous peri cardium andTs suspended by a pn-mtiterv . Later oa~ the primitive heart tube. it lx-nt o n 
itself ttfTorm**an LT-sh apctl tu be which it Mill suspended irom the posterior wall by the mesentery. 
SuWjj uen3yTiEe meseftlen* between trie twpiimha of the U-s hanrd tube disappea rs making a .spare 
betwewTbem whidT communicates the two sides of the primitive pericardial cavity in between and 
across iliTTWolimbTurtReTI-shaped tube. This space in future life forms the transverse sinus of the 
pericardium. 

The oblique sinus of the pericardium is a cul-de-sac bounded by the visceral 
layer of the sero us pericardium enclosing the right and the left pairs of the pulmon ary 
veihTSrtKcsides, the base of the heart in tro'nt, and by the parietal layer of the serous 
pericafaitmTcovcring the fibrous pericardium posteriorly. 

A triangular fold of serous'pericardnim extending between the left pulmonary 
artery and the superior left pulmonary vein is known as the fold of the left vena cava 
which encloses a fibrous band within it known as the ligament of ike left vena cava. 

jY.B. During early embryonic life the left anterior cardinal vein together with the left posterior 
cardinal vein opens into the sinus venoms by the duct of Cuvier. Later on, a transverse vein connects 
the two antenor cardinal veins together which forms the future left brachiocephalic (innominate) 
vein. The portion of the left antenor cardinal veirtjpUldaL to the transverse venous channel subse- 
quently atrophies andTcTEbrous remains formTuie ugament of the left vena cava in later 12c. The 
anterior caroinaTvHfiyljrrSriy prenatal life, is called the left superior vena cava. 

Relations of the Pericardium. Anteriorly, opposite the left-half of the lower part 
of the body of the sternum and the adjoining inner ends of the fourth, fifth and the 



650 


HUMAN ANATOMY 


sixth costal cartilages together with the fourth and fifth intercostal spaces, the heart 
with the pericardium is directly related to the back of the anterior chest-wall (bare 
area of the heart). In the rest of its extent it is overlapped anteriorly by the anterior 
margins of the lungs and the pleura which separate it from the back of the anterior 
chest-wall. During the growing period until puberty the lower end of the thymus 
gland forms an additional anterior relation superiorly and intervenes between the 
lungs and pleurae in front and the pericardium posteriorly. The fibrous pericardium 
is connected anteriorly with the back of the sternum by the superior and the inferior 
sternopericardial ligaments. On either side it is intimately related to the mediastinal 
pleura winch separates it from the mediastinal surface of the corresponding lung. 
The phrenic nerve and the pericardia co-phrenic vessels descend downward! w 
between it and the mediastinal pleura. Posteriorl y, it is related to the I efr bronchus, 
the oesophagus with the oesophageal plexus of nerves, the descending thoracic aorta 
and the posterior part of the mediastinal surface of the Iungsjwhich separate it from 
the fifth to the eighth thoracic vertebrae. InferiorIy,The fibrous pericardium u 
adherent to the central tendon of the diaphragm and is separated from the liver and 
the fundus of the stomach by the diaphragm.- 

Vascular supply. The fibrous perica rdimn_and the parietal layer of the serous 
pericardium are supplied by thr pfl-jkin1t.i l branche s aCjhc d escending T thog £tf 
a orta and the peric ar dial and the pcricardiacop hre nic_brnnchcs of the intern al t 
mammary artery^ The viscera) pericardium is supplied by branches from the_c£ p>- 
nary arteries. 

The veins arc corresponding to the arteries. 

Nerve supply. The parietal pericardium is supplied by the p hrenic nerve whereas 
the visceral pericardium is supplied by the v agus and the sympathetic a. 

Lympkalics. The lymphatics draining the parietal pericardium drain into the 
anterior, posterior and superior mediastinal groups of lymph glands. 

Development. The most of the fibrous pericardium and the parietal layer of the 
serous pericardium develop from the somatopleuric mesoderm of the primitive 
pericardial cavity* whereas the visceral pericardium or the cpicardium develops 
the splanchnopleuric mesoderm and is differentiated from the superficial la^cr of the 
myoepicardial mande. The portion of the pericardium adherent to the diaphragm 
is derived from the cranial part of the septum transversum. , . 

ThcJransvcr se sinus of the pericardium develops as a result of brea kdown-** 1 *** 
m csocardium of t hc_ p_riinitivc heart . T)ie oblique sinus dcvelonsZ as-ft-r* 511 * 1 0 
a bsorption oi me si nus ve nosus in the walk oTr hr drve ir.mnt> ntriaand the re-adjuJt- 
parent pf th e veins into it . '\ 


THE HEART 

The human heart is a hollow muscular organ, completely divided into a rjgh* 
and a left half, each of which consuls of a receiving chamber or a atrium, whim 
receives blood from the veins, and a delivering chamber or a ventricle which propel* 
the blood into the arteries. 

The evolution of heart. In the simpler forms of vertebrates, such as in the 
fishes (osteichthyes) the heart consists of a single muscular ventricle, a single 
and a sinus venosus. Blood flows into the sinus venosus through the hepatic and tn 
common cardinal veins and from there it passes into the single atrium; the atrium 
then contracts and forces the blood into the ventricle; the ventricle then contracts an 
forces out the blood through the conus arteriosus into the gill arches. After being 
oxygenated in the gill arches the blood flows into the dorsal aorta for distribution 
into the tissues. Thus the primitive heart is only a respiratory pump uhichjorces blood W 
the gill arches. 

In the Ambhibia there are two atria, the right one for receiving venous blood from 
the body and the left one for receiving oxygenated blood from the lungs. *■ 
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blood from bath the atria passes to a single ventricle where, although there is scope 
for mixing, there is very little mixing between the oxygenated and the venous blood. 
The ventricle contracts to force out the blood (venous) first into the pulmocutaneous 
arches and then (oxygenated blood) in the carotid and systemic circulation. 


TVJNCVSMTIIWHUS 



the circulatory system in a fish 
Tig. 590. The heart in evolution. 


In most of the reptiles the heart consists of two atria and a ventricle which is partly 
divided into two, right and left. When the ventricle contracts, the venous blood 
passes out into the lungs via the pulmonary artery and into the dorsal aorta via the 
left aorta, and the oxygenated blood into the dorsal aorta through the right aortic 
arch. Thus in the dorsal aorta there is mixing up of the oxygenated and the venous 
blood. 

In some of the reptiles (crocodiles), birds and mammals the heart forms a four-chambered 
organ in which the ventricles are completely separated from each other and the 
venous blood from the right atrium passes to the right ventricle whereas the oxyge- 
nated blood from the left atrium passes to the left ventricle. Thus the venous and 
oxygenated blood are kept apart completdy- 

Shape and form. In a formalin-hardened body the heart resembles like a flat- 
tened cone having a base, an apex and three surfaces, sternocostal, diaphragmatic 
and left. However, depending on the general physique and the form of the chest, 
the shape and form of the heart vary considerably. 
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The living heart also varies considerably in its shape in different individuals, 
during inspiration and expiration and in different forms of the chest. In the tail 
and thin persons, in other words, in asthenic or leptosomatic individuals where the 
chest-walls arc long and narrow, the heart is said to be long. In the short, stout 
individuals (hypersthenic) where chest-walls are short and wide, the heart is said 
to be transverse. In the sthenic or athletic types, as in the average individuals, the 
heart is neither long nor transverse but it assumes a oblique lie. 

During deep inspiration, with the descent of the diaphragm, the heart becomes 
elongated with narrowing of its transverse diameter. During deep expiration in 
vertical diameter becomes shortened and it assumes a transverse form. 

Size and weight. The size and weight of the heart gradually increase with 
age till the advanced period of life. In the adult European, it measures about 
8-9 cm. transversely at its widest part, about 6cm. anteroposteriorly, and its vertical 
length from base to the apex, measures about 12 cm. Its weight in the adult 
male varies between 280 and 340 grammes and in the adult female between 230 ana 
280 grammes. 

External features. Of the four chambers of the heart two arc ventricles, right 
and left, which occupy the stemo-costal, left and inferior surfaces of the heart and two 



arc atria, right and left, which occupy the basal aspect of the heart. The two 
ventricles are separated from each other by two longitudinal grooves, one on the 
sternocostal surface called the anterior interventricular groove containing the inter- 
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ventricular branch of the left coronary artery, and one on the inferior surface called 
the inferior interventricular groove. The two ventricles arc separated from the two 
atria by theatrioventricular groove which issituatedon the posterior aspect of theheart 
and contains the coronary sinus. _ This groove is deficient anteriorly by the presence 
of the pulmonary trunk. The atria are separated from each other by a vertical groove, 
the interatrial groove, which is usually very ill-defined and is not easily detectable. 
A conical pouch-like projection from each atrium, which embraces the great vessels 
of the heart, is called the corresponding auricle of theheart i.e . , from the right atrium, 
the right auricle and from the left atrium, the left auricle. 

The Base of the Heart. The base of the heart is more or less quadrilateral in 
shape. It is formed mainly by the left atrium and partly by the right atrium of the 
heart. It lies opposite to the fifth, the sixth, the seventh, and the eighth thoracic 
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Fig. 592. The base of the heart seen from above. From the dissection hall, N. R. Sircar 
Medical College, Cal; with the kind permission from the Prof, of Anatomy. 

vertebrae and is separated from them by the pericardium, the oesophagus, the 
descending thoracic aorta, the vagus nerves, azygos and hemiazygos veins, the thoracic 
duct and the right pulmonary veins. 

It is bounded above by the bifurcation of the pulmonary artery, below by the 
inferior part of the atrioventricular groove containing the coronary sinus. On the 
right side, at the upper and lower angles, are the openings of the superior and inferior 
venae cavae, and in between the two, it is bounded by that portion of the right atrium 
which extends from the right margin of the opening of the superiorvena cava to the 
right margin of the opening of the inferior vena cava. On the left side, it is bounded 
by the rounded left border of the left atrium. Four pulmonary veins, — two right 
and two left, open into the corresponding sides of the left atrium and they are 
arranged in pairs being situated one above the other. The portion of the left atrium 
in between the right and left pairs of veins forms the anterior surface of the oblique 
sinus of the pericardium. An interatrial groove, though very ill-defined in human 
subject, may mark its presence in this part of the heart. 

Apex of the Heart. The apex of the heart is formed only by the left ventricle 
of the heart and forms a conical projection at the junction of the left and the inferior 
margins of the heart. It is directed downwards, forwards and to the left and corres- 
ponds to a point on the left fifth intercostal space about 3£ incites from the mid- 
stemal line. It is separated from the chest-wall by the pericardium and the over- 
lapping left lung and pleura. 
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Sternocostal Surface. The sternocostal surface of the heart is formed by 
both the ventricles and the atria and is directed upwards, forwards and to the te. 
It is incompletely divided into upper and lower sections by the upper part of u 
atrioventricular groove. The upper section is formed by the atria and isrncsu, 
hidden from the view by the ascending aorta and the pulmonary trunk. The two 
auricles of the atria, one from each atrium, curve medially so as to embrace the uxjis 
of the great vessels (ascending aorta and pulmonary trunk) from either side. 

BRACHIOCtfHAUC ARTtAY 



FIs. 593. The iteraoccatal surface of the heart ' 

With ihe kind permission from Led eric Laboratories — drawn by Mr. Paul Peck- 

lower section or the sternocostal surface is formed by the ventricles. About fro 
thirds ofit are formed by the right ventricle and one*third by the left ycntrfac. t *• 
line of separation between the two ventricles is marked by the anterior intervcntncui. 
groove which contains the interventricular branch of the left coronary artery Jin 
the great cardiac vein. 

Rttalions. The upper section of the sternocostal surface is separated ft® 
the sternum by the ascending aorta, the pulmonary trunk, the pericardium ar 
bv overlapping margins of the lungs and pleura. The lower or the ventricular sccuj 
of the sternocostal sur&ce is separated from the sternum and the medial ends 01 u 
costal cartilages of the fourth, fifth and the sixth ribs of both sides, but for a great 
extent from the corresponding cartilages of the left side, by the pericardium anu “ 
overlapping lungs and pleura except opposite the cardiac notch of the left lung wf!C 
the pericardium with the heart comes into direct relation with the chest-wall. 

Diaphragmatic surface. It is formed by the inferior surfaces of the right at 
left ventricles and rests upon the central part of the diaphragm bong separated 
the pericardium. The inferior interventricular groove traverses this surface a 
lodges the branches of lire right coronary’ artery. 
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vessels and the pleura. Posteriorly and to the left it is separated from the left atrium is 
the inter-atrial septum; posteriorly and to the right it is related to the right pulmonnv 
veins. Medially, it is related to the ascending aorta and the pulmonary trunk. 



The interior of the right atrium. The walls. On examining the 
surface of the right atrium, the posterior portion is seen to be smooth, ''■'hue t 
anterior portion is raised into numerous parallel muscular ridges. Development . J 
the posterior smooth portion represents the right horn of the sinus venostB'™ 
merges into wall of the primitive atrium. The anterior portion, characterised^ 
ridged-walls, represents the primitive atrium in the adult heart. Thus, morphol * 
cally, the interior of the right atrium can be divisible into sinus centrum featured . 
smoothness and occupying the posterior aspect of the adult heart and into aln^ 
proper featured by ridged-walls and occupying the anterior portion. The openmST 
of the superior and inferior venae cavac, coronary sinus and venae rwdis xnwflw | 
are found in the sinus vencrum. . . 

A smootli muscular ridge extends from the upper end of the mter-at . 
septum and crossing in front of the opening of the superior vena cava it descen 
on its right ride to the right side of the inferior vena cava and is known as erm 
terminals which corresponds to the sulcus terminal is on the external surface. A S 
of parallel ridges extend forwards on the right wall from the crista terminate 
arc called musculae pectinati. They are also found within the auricle. 

The orifices. The opening ofi the superior vena casa is situated at the upp cr ^ 
posterior part of the right atrium — unguarded by wives. The inferior terta fff[ , 
into the lower and back: part of the right atrium and its termination is guarded d 
rudimentary valve known as the wive of the inferior vena cava. The a/rww* 
cuter or tricuspid orifice is a large oval opening situated at the lower and anterior P_ 
of the atrium and communicates the right atrium with the right ventricle. 
opening ofi the coronary sinus lies between the tricuspid orifice and the opening 0 , 

inferior vena cava. It is guarded by a rudimentary wive known as the core / 
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Right atrioventricular orifice . It is larger than the left atrioventricular orifice 
and is situated at the base of the ventricle and forms the orifice of communication 
between the right atrium and the right ventricle. It is an oval or a round opening 
measuring about 12 or 13 cm. in its circumference and roughly it admits the tips of 
three or four fingers. Its opening is surrounded by a fibrous ring which is lifted by 
tiie endocardium. It is guarded by the tricuspid valve. 



Fig. 597. The interior of the right ventricle. 

Trom the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission 
from the Prof, of Anatomy. 


Pulmonary orifice. It is a rounded opening situated at the summit of the 
f fundibulum and marks the commencement of the pulmonary trunk. It mw 50 * 
about 3 cm. in diameter and is guarded by the pulmonary semilunar valves. 

Pulmonary semilunar takes. The pulmonary semilunar valves guard the P* 
monary orifice and consist of three semilunar cusps, two anterior and one poster) 
Each cusp presents an attached border and a free border. The attached bore 
forms a semilunar attachment on the inner wall of the pulmonary trunk aft 
directed downwards towards the ventricular cavity. Its free border is direct 
upwards towards the lumen of the pulmonary trunk. It presents a nodule, torni 
by the thickening of the underlying fibrous tissue, in its centre, and the thin ma . 
extending from it to the wall of the arterial trunk is known as lunula. Thepuhnon* 
trunk presents a localised dilatation opposite each cusp known as the sttois. ** 
valve is formed by the reduplication of tne endothelial fining together with a layer 
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of the hyoglossus muscle; in this part of its course it is superficial, being covered erf? 
by the skin, superficial fascia, platysma and the deep fascia; it lies on the middle 
constrictor muscle of the pharynx. The loop which is the characteristic of the 
artery is crossed by the hypoglossal nerve. 
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Fig GW. A dissection of the infra temporal region. With the kind permission from: 9 a ^f e ”* 
Surgical Anatomy 2nd edition 1939, W. B. Saunder's Company, Philadelphia and London. 


Second pari of the lingual artery. The second part of the lingual artery h«rd«P 
to the hyoglossus muscle. In this part of its course it runs along the upper border ( 
of the hyoid bone and is covered by the hyoglossus, the tendon or the digastric, stylo- 
hyoid and the posterior part of the mylohyoid muscle and the lower part of the $ u0 ' 
mandibular gland. It is separated from the hypoglossal nerve and its 
commitans by the hyoglossus muscle. It lies on the middle constrictor muscle 
the pharynx. 

Third part of the Ungual artery. The third part of the lingual artery exterwb 
from the anterior border of the hyoglossus muscle to the tip of the tongue. At 
anterior border of the hyoglossus muscle the lingual artery gives out its sublmgu 
branch and then b continued to the undersurface of the tongue as the artcria prop* 
linguae. At first it ascends vertically upwards and then' runs forwards to the unj* * 
surface of the tongue on the side of the frenulum and finally reaches the tip °t 
tongue where it ends by anastomosing with the fellow of its opposite side. I 11 . 
part of its course it b accompanied by the lingual nerve, and the gcnioglossus mus 
lies on its medial side. Laterally it b related to the longitudinals linguae » n!cn 
and interiorly b covered only by the mucous membrane of the tongue. 

Branckei : 

(1) Suprahyoid. ^ (31 Sublingual. 

(2) Rami dorsales linguae. (4) Arteria profunda linguae. 

Suprahyoid. It is a small branch which runs along the upper border of the 
hyoid bone and ends by anastomosing with the fellow of its opposite side. 

Kami dorsales linguae. They are two or three small branches which arise fro® 
the lingual artery under cover of the hyoglossus muscle and ascend upwards on 
dorsum of the tongue. They anastomose with the fellow of the opposite s> df & 
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Ridges are simple muscular elevations on the walls of the ventricles while th 
bridges form the derated muscular columns which arc undermined. - , 

Papillary muscles are the solid, conical muscular projections present in both ti>t 
ventricles of the heart. Each is conical in shape with its base attached to the valfe 
of the ventricle and its apex directed towards the ventricular cavity. ' t 

They are usually multiple in both the ventricles. Those in the left ventndt 
are stouter and stronger than those of the right. > . 

Papillary muscles of the right ventricle. In the right ventricle they are two it 
number, ventral and dorsal. The ventral (anterior) one is attached to the Rpid 
wall of the ventridc and by its apex gives attacliment to the chordae tendineae « 
the ventral and dorsal cusps of the tricuspid valve. The dorsal (inferior) poplin 
muscle of the right ventridc, by its base, is attadicd to the diaphragmatic wall ad 
by its apex gives attachment to the chordae tendineae of the septal and dorsal ensjs 
of the tricuspid valve. , 

The papillary musdes during tire contraction of the ventricles pull the chordsi 
tendineae of the respective valve and thereby prevent the invertion of the same. 

Supraventricular crest (Infundibulo-ventncular crest). This is a smooth muscular rid^< 
which stretches between the pulmonary and right atrioventricular orifices ar.c 
sub-divides the interior of the right ventricle into upper out-flowing part, th 
infundibulum, and the lower in-flowing part. In its course it passes downwards art 
to the right from the posterior wall of the infundibulum to the right atrioventneuw 
orifice. It prevents the overdistention of the ventricle. 



r' er ! or t * le left ventricle. The interventricular septum together with *■ 
left surface of the heart has been removed. From the dissection hall, N. K. Sircar Medical College, 
Cal; with the kind permission from the Prof, of Anatomy. 


Septomarginal trabecula (Moderator band). This is a smooth rmtscular 'ridf 
present on the ventricular surlace of the septal wall of the right ventride. It extent 
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from the lower part of the infundibulum to the base of the anterior papillary 
muscle. It prevents the overdistention of the ventricle. 

Interior of the left ventricle. The interior of the left ventricle presents the 
following features : 

(1) Left atrioventricular orifice. 

(2) Aortic orifice. 

(3) Left atrioventricular or bicuspid or mitral valve. 

(4) Aortic valves. 

(5) Trabeculae cameae. 

(6) Chordae tendineae. 

' IjJI atrioventricular orifice. The left atrioventricular orifice communicates the 
: left atrium with the left ventricle and is situated below and to the left of the aortic 
orifice. It measures about 10 cm. in its circumference and usually admits the tips 
of two or three fingers. It is guarded by the bicuspid valve and its opening is sur- 
: rounded by a fibrous ring like that of the right atrioventricular orifice. 

Aortic orifice. The aortic orifice is situated in front and to the right of the left 
' atrioventricular or mitral orifice. It is roughly circular in outline and measures 
i about one inch in diameter. It is separated from the mitral orifice by the anterior 
• cusp of the mitral valve. The portion of die left ventricle immediately below the 
: aortic orifice is known as the aortic vestibule which lias no muscular wall but is made 
up of fibrous tissue lined internally by the endocardium. The aortic orifice is guarded 
by the aordc semilunar valves. 

Mitral or left atrioventricular or the bicuspid valve. It consists of two cusps, anterior 
and posterior. The anterior cusp is the larger of the two and is interposed between the 
aortic and the left atrioventricular orifices. The posterior cusp is situated posterior 
to and to the left of the aortic orifice. The mitral valves are thicker than the tri- 
cuspid valves and have the similar attachments and chordae tendineae like that of the 
latter. Each cusp is formed by the reduplication of the endocardium containing in 
^between its two layers some fibrous tissues. 

Aortic semilunar calves. The aortic semilunar valves have the same characteristics 
like those of the pulmonary semilunar valves and their arrangement is, one anterior 
and (wo posterior cusps. The aortic cusps are a bit thicker, larger and stronger than 
the pulmonary cusps and the nodules are more prominent and thick. The dilatation 
of the aortic Avail opposite each cusp is known as the aortic sinus. The^rijAt coronary 
artery arises from the anterior aortic sinus while the left coronony artery arises from the 
left posterior aortic sinus. 

Trabeculae cameae and chordae tendineae. They have similar features like those of 
the right ventricle except that they are more prominent, thick and strong than those 
in the right ventricle. 

Papillary muscles of the left ventricle. They may be broken into two or three small 
projections. In the left ventricle papillary muscles are two in number and according 
to their situation one is superior, attached to the stemo-costal wall of the heart ana 
one is inferior , attached to the diaphragmatic wall of the heart. By their apices they 
give attachment to the chordae tendineae of the bicuspid valve. 

Interior of the left atrium, The interior of the left atrium presents the 
following features: 

Openings of the pulmonary veins. The four pulmonary veins, arranged in right 
/ and left pairs open into its upper part. 
r Left atrioventricular orifice. It has already been described. 

Foramina venanttn mimmartan. Same as those in the right atrium, 
f Musculi pectinati. They are few in number and are present within the interior 
f of the anrirlr. 
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Ventricular (Interventricular) septum. It is a Ebro-muscular scplc~ 
which "intervenes between the two ventricles and externally its margins corrajXH 
to the anterior and inferior interventricular grooves. It is almost entirely musctu: 
except superiorly where over a small extent it is fibrous and is known as the mr* 
biarnis portion of the ventricular septum. Its right surface is convex and is duttie 
to the cavity of the right ventricle. The membranous portion of this suruct i 
divided into anterior and posterior parts by the attachment of the septal css 
of the tricuspid valve. The anterior part separates the two ventricles from wc 
other while its posterior part separates the aortic vestibule from the right atnur 
Superiorly, it extends upto the tendon of the infundibulum. The meinbranot 
ventriculai septum is pierced by the left branch of the bundle of His. 



INfEAlOA VfNA CAVA CO A DMA AT SINUS 

Fig 600. A tranwmc section of the heart across its ventricles. From the dissection hall, N. K-Suo- 
Medical College, Cal; with the kind permission from the Prof, of Anatomy. 

Structure of the heart. The heart is composed of an outer serous pericardino 
known as the epicardium , an inner endothelial lining known as the endocardium an 
intermediate muscular stratum lying in between the epicardium and the en ^ 
cardium known as the myocardium. In addition, it contains a limited ey 

fibrous tissues which are mostly found opposite the bases of the ventricles and i 
form a fibrous skeleton into which the muscle fibres are attached. 

The atrium is composed of three types of muscle fibres, superficial transverse ji i 
deep looped fibres and annular fibres. The superficial transverse fibres form a C°® . 
investment for both the atria. The deep looped fibres are vertically disposed • 
are arranged in the form ofloops. The extremities of the loops are attached to 
fibrous ring surrounding the right atrioventricular ring. Lying deep to this is 
annular set of fibres which individually cover each atrium. The annular n 
surround the openings of the great veins and the auricles mainly. 

The ventricles consist of superficial, spirally arranged looped fibres and 
of eight fibres. The superficial fibres arise from the fibrous skeleton at the toM ‘ 
ventricles and pass towards the apex where they meet with the fellow of that °PI*? 
side to form a whorl. The deep fibres arise from the region of the base of the pap _ - 
muscle, pass to the homolateral ventricular wall, then to the septum and lasu> 
the base of the papillary muscle of the opposite ventricle. 

The atrioventricular orifices, the pulmonary and aortic orifices, arc^surrou 
each by a fibrous ring. The fibrous ring surrounding the aortic orifice ° co ^ 
with l»th the atrioventricular orifices by a fibrous band known as the trig 
fibrosum dextrum and also it is connected with a similar band of fibres to the putmon»>i 
ring known as the tendon of the infundibulum. 
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: < The conducting apparatus of the heart. The heart njttsde possesses 
: inherent properties of automacity, rythmicity and contractility but these properties 
1 of the heart muscle are more pronounced at certain points, at which first, impulse 
' originates and then is propagated in its wall through certain conducting paths and 
they are as follows : 

1 The primary impulse first arises in the sine-atrial node which is a specialised 
collection of cardiac muscle situated at the upper end of the crista terminal is in the 
right atrium of the heart. It consists of cross-striated muscle fibres, more slender 
than the rest of its fibres, and are arranged in a plexiform network. These fibres 
branch out and are distributed to the walls of the atria. From the sino-atrial node 
the impulse passes to the atrioventricular node which lies in the lower part of the atrial 
septum immediately above the orifice for the coronary sinus. From the atrioventri- 
cular node these specialised fibres form a bundle known as the atrioventricular bundle 
or bundle of His . The atrioventricular bundle crosses the right atrioventricular 
ring and passes to the ventricular septum. Then the bundle ascends upwards 
in the septum to reach the lower end of the membranous part of the ventricular 
septum where it divides into right and left branches. The right branch passes down 
the right side of the septum into the septomarginal trabecula and finally reaches 
the base of the papillary muscles, and beneath the endocardium where they form a 
plexus of specialised fibres known as the plexus of Purkinje fibres. 

The left branch pierces the membranous septum at the upper border of the 
muscular septum and reaches the subendocardial space immediately below the 
junction of the anterior and the right posterior aortic cusps. Then it divides and 
sub-divides into smaller bundles which are finally distributed to the Avails of thcleft 
ventricle and its papillary muscles and end in the same manner as in the right 
ventricle. 

JY.B. The intimate relation of the left branch of the bundle of His with the aortic cusp* explains 
the reason why it is so often involved in aortic incompetence. 

Fibres of Purkinje. They form specialised fibres of the heart and are supposed to 
be terminal filaments of the bundle of His. They are placed beneath the endocar- 
dium and intervenes between it and the myocardium. They form elongated cells 
which are united at their ends so as to form chains of fibres. Within the centre of 
each cell there is a granular protoplasm and embedded in it are the two small nuclei 
of the cell; the peripheral part of each cell presents transverse striations. These 
fibres are the remains of the embryonic cardiac muscular fibres. 

Blood supply of the heart. The right and the left coronary arteries from 
the ascending aorta supply the heart. 

Most of the veins draining the heart open into the coronary sinus except a few 
known as the venae cordis minimae which open directly into the right atrium. The 
coronary sinus opens into the right atrium in between the openings of the inferior 
vena cava and the right atrioventricular orifice. 

Nerve supply. The heart is supplied by the vagus and the sympathetic nerves 
through the cardiac plexus. The vagus nerve is cardiodithibitory In function and 
exerts a continuous restraining action on the rate of the heart beat. The sympathetic 
nerves arc cardio-accelatory in Function and cause acceleration of the rate of the 
heart beat. 

JVJt. It is now evident that sensory pain fibres from the heart pm along the sympathetic film 
to the cervical and upper thoracic sympathetic ganglia. These fibres mainly travel on the left side 
and partly in the right side. For the above facts nenv-a-davs rwseetion or injection of sclerosing fluids 
into the stellate ganglion and the upper thoracic sympathetic ganglia arc done for the removal of 
cardiac pain* (Angina pectoris). 

Peculiarities of the foetal heart. The peculiar feature of the foetal heart 
are the presence of the foramen ovale, prominence of the valve of the inferior vena 
cava and presence of the ductus arteriosus. 

Foramen ovale. The foramen ovale of the foetal heart is an oval opening on the 
interatrial septum and establishes communication between the right and the left 
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atria. After fourth month of intrauterine life an annular margin develops at tie 
upper part of the foramen and this margin gradually develops to form the valve of the 
foramen ovale. This valve prevents regurgitation from the left to the right atrium. 

Valve of the inferior vena cava. The .valve of the inferior vena cava, which u 
rudimentary in postnatal life, is well marked in the foetus. It is a crescnlic fold of 
cndocaidium that guards the opening of the inferior vena cava and directs the blood 
from the inferior vena cava to the foramen ovale. The anterior end of the crescntic 
valve is continuous with the anterior horn of the annulus ovalis. 

Ductus arteriosus. This is a short arterial trunk which connects the commence- 
ment of the left pulmonary artery to the arch of the aorta opposite the origin of the 
left subclavian artery! it conducts most of the blood hom IWTPlglTr VCllCrMriU"t l «» 
descending thoracic aorta . • — - — - — — — 

Foetal circulation. The right atrium of the heart receives blood both from 
the supenor and the inferior venae cavae. Although theic is some mixing of the 



Fig. 601. The foetal circulation. (Diagrammatic). 

blood from the two venae cavae in the right atrium, bulk of the blood from the 
iferior vena cava being guided by the valve of the inferior vena cava passes into the 
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left atrrnm through the foramen ovale and the bulk of the blood from the superior 
vena cava parses to the right ventricle through the right atrioventricular critics. 
The left atrium receives bulk of its content from the right atrium and a small quantity 
from the lungs through the pulmonary veins and then pours out its content into the* 
left ventricle through the left atrioventricular orifice. When the ventricles contract 
the blood from right ventricle mainly passes into the descending thoracic aorta 
through the ductus arteriosus and a small quantity passes to the lungs^ The blood 
from the left ventricle mainly passes into the ascending aorta and then through the_ 
branches of the arch of the aorta into the upper extremity and the head and the neck. 
The blood from the descending thoracic aorta passes into the inferior extremity, and a 
bulk, through the umbilical arteries into the placenta. Purified blood from the 
placenta returns back into the foetus through the two umbilical veins which unite 
and carry the same along the free margin of the falciform ligament to the tinder- 
surface of the liver. In the porta hepatis it gives out branches to the left and quadrat e 
lobes of the liver and opens into the left branch of. the portal vein. A short stout vein, 
the ductus venoms connects the left branch of the portal vein with the inferior vena 
cava. The amount of blood that enters into the liver returns back into the inferior 
vena cava by the hepatic veins^ 

Thus it is evident that inferior vena cava receives purified blood from the 
umbilical veins and mixed blood from the hepatic veins. The superior vena cava 
carries impure blood from the head, neck and the superior extremity. The bulk of 
the blood from the inferior vena cava, which is more pure, passes to the left atrium 
through the foramen ovale and then into the left ventricle and finally it passes into 
the head, neck and the superior extremity through the branches of the arch of the 
aorta. Thus it is found that the head, the neck and the superior extremity receive 
more pure blood than the rest of the body. 

THE ARTERIAL SYSTEM 

Ascending aorta. It is the main arterial trunk of the systemic artery and 
arises from the base of the left ventricle of the heart. It measures about two inches 
in length and begins at the level of the lower border of t he right third costa l cartilage. 
It ascends upwards, forwards and to the right up to the level ot the upper border of 
the right secon d costal cartilage where it ends by being continuous with the arch 
of the aorta. In its course upwards it lies' behind the right half of the sternum and 
forms a dilatation opposite Its junction with the arch of the aorta and is known as the 
bulb of the aorta. At its origin, oppo§it5“thc semilunar cusps, it forms localised dilata- 
tions known as the aortic sinuses. 

Relations. The ascending aorta is lodged within the fibrous pericardium and is 
enveloped by a sheath common to it and the pulmonary trunk derived from the 
serous pericardium. Anteriorly from below upwards, it is in relation to the infun- 
dibulum of the right ventricle, origin of the pulmonary trunk, right auricle and the 
back of the .sternum. It is separated from the sternum by the pericardium, pleura, 
anterior margin of the right lung and the remains of thymus gland. Posteriorly, 
from below upwards, it vs related to the left atrium, right pulmonary artery and the 
right bronchus. On its right side arc the superior vena cava and the right atrium of 
the heart. On the (eft side it is related to the pulmonary trunk and the left atrium 
of the heart. 

Branches. Right and left coronary arteries. 

Development. The ascending aorta develops from the posterior part of the trunkus arteriosus. 
Four endothelial cushions, right, left, ventral and dorsal, appear within the trunkus arteriosus. The 
right and the left cushions meet together and split up the trunkus arteriosus longitudinally into the 
ascending aorta behind and the pulmonary trunk in front. 

Anomalies. The ascending aorta and the pulmonary trunk may arise by a common stem 
which is a common feature with die fishes and some amphibians. The common trunk may be seen 
to arise from cither the left or the right ventricle or from both. The pulmonary trunk may be seen 
to arise from the left ventricle and the ascending aorta from the right ventricle. This is due to abnormal 
position of the endothelial cushions within the trunkus arteriosus. 
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Coronary arteries. The coronary arteries supply the musculature of the 
heart, the visceral pericardium and the roots of the ascending aorta and the pulmo- 
nary trunk. The two coronary' arteries encircle the heart as a crown encircles the 
head and hence, they are called ‘coronaries’. The coronary arteries differ from 
other arteries in that, as all arteries are fed during systole of the heart, they are fd 
during diastole of the heart. The muscular contraction of the ventricles of the 
heart is responsible for the extra gush of blood in all other arteries; in each systole of 
the heart whereas in tire coronaries the clastic recoil of the ascending aorta together 
with the closure of the aortic semilunar valves is responsible for the extra gush of 
blond during each diastole of the heart. The coronary arteries are examples c! 
functional end-arteries, although, there is free communication between them and 
thev are supposed to be equivalent to enlarged ‘vasa vasorum’. The coronary 
arteries are extremely tortuous in their course. 

Coronat v arteries are supplied by both vagus and the sympathetic nerves. 
Stimulation of the vagus causes constriction of the walls of coronary arteries whereat 
stimulation of the sympathetic causes relaxation qf the walls of the coronary' arteries. 

Right coronary artery. The right coronary artery arises from the anterior 
aortic sinus and runs at first forwards and to the right between the pulmonary mini 
and the right auricle. Then it descends downwards and to the right to reach the 
t ighi part of the atrioventricular groove from where it passes along the right margin 
of the heart and reaching the lower end of it, it turns backwards and to the left on lhe 
inferior surface with the small cardiac vein and reaches the posterior end of the 
inferior interventricular groove where it gives its interventricular branch and then 
ends bv anastomosing with the left coronary artery'. In its course it supplies the 
right atrium and the right ventricle by its marginal branch; by its interventricular 
branch it supplies both the ventricles, which passes along the inferior interventri- 
cular groove to the apex of the heart where it anastomoses with interventricular 
branch of the left coronary artery. 

Branches. The interventricular branch runs forwards In the inferior inter- 
ventricular groove to the apex of the heart where it anastomoses with the inter- 
ventricular branch of the left coronary artery. It supplies both the ventricles ana 
the interventricular septum. 

The ventricular branches consist of a few small arteries which descend on the 
anterior surface of the right ventricle, and a marginal branch. 

The marginal branch is a large one which runs in the inferior margin of the 
heart and supplies branches to both the surfaces of the right ventricle. 

The atrial branch runs upwards on the anterior surface op- the right atrium and 
supplies the same. f ' 

A few twigs arise from the right coronary to suppUyfne trunk of the ascending 
aorta and the pulmonary trunk, 

Left coronary artery. The left coronary artery arises from the left poster* 0 ' 
aortic sinus and runs at fust forwards between the pulmonary trunk and the 1 
auricle, then it turns to the left to reach the left end of the atrioventricular groove. 
Here it curves round the left margin of the heart and passes backwards in comps®) 
with the coronary sinus to reach the inferior interventricular groove where it anas ”j 
moscs with the right coronary artery. It supplies brandies to the left atrium »n® 
the left ventricle. It also provides an interventricular branch which descen 
downwards in the anterior interventricular groove to the apex of the heart wher 
it ends by anastomosing with the interventricular branch of the right corona*) 
artery. 

Branches. Tht interventricular branch of the left coronary artery runs down 

u J n llc . anterior interventricular groove to the lower border and the spo- 
of the heart in company with the great cardiac vein, cardiac nerves and Iy®P/ 
. vessels. It ends by anastomosing with the interventricular branch of the right coro ' 
nary artery. It supplies both the ventricles and the interventricular septum- 
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The ventricular branches arise from the main trunk and are distributed to the left 
surface of the heart and to the posterior part of the inferior surface of the left ventricle. 

The atrial branches are distributed to the walls of the left atrium. 

Some twigs are also distributed to the roots of the ascending aorta and the 
pulmonary trunk, J 

Arch of the aorta. Course. The arch of the aorta is the direct .continuation 
of the ascending aorta and begins behind the upper part of the manubrium ster ni 
opposite the level of the right stemo-costal articulation. It ends in the dd rending 
thoracic aorta opposite the lower border of the l eft side of thp-ffturth thoradc vertebra. 
In its course it at first passes upwards> backwards and to tire left in front of the 
t rachea and then descends backwards and downwards on the left side of the trachea 
and finally ends in the descending thoracic aorta opposite the level of the fourth 
thoracic vertebra. In its course it maintains two arches — one with its convexity 
upwards and the other with its convexity forwards and to the left. 



Relations. Anteriorly , it is covered by the lungs and pleura which separate it 
from the back of the manubrium sterni. Crossing superficial to the arch of the aorta 
arc four nerves which descend from above downwards and counted from before 
backwards they are (1) the left phrenic, (2) the inferior cervical cardiac brand) of 
the left vagus, (3) the superior cervical cardiac branch of the left sympathetic and 
(4) tire trunk of the left vagus nerve. As the vagus nerve crosses the front of the arch 
of the aorta it gives off its recurrent laryngeal branch which ascends upwards behind 
the arch and lies at first on the left side of the Hgamentum arteriosum and then on 
its right side. The left superior intercostal vein crosses the left side of the arch 
obliquely from the left to the right side and lies in between the phrenic nerve in 
from and the vagus nerve behind. 

Posteriorly, the left side of the arch, is in relation with the deep part of the 
cardiac plexus, the oesophagus and the left recurrent laryngeal nerve, and its right 
side, is related to the trachea. 
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Superiorly , the arch of the aorta gives origin to the left subclavian, left common 
carotid and the brachiocephalic (innominate) arteries in order from the left to 
right side and crossing superficial to the origin of these vessels is the left brachiocc*' 
phalir (innominate) vein. 

Infmoily , the arch is related to the bifurcation of the pulmonary trunk, Hga- 
mentum artericmim, the left bronchus and the left recurrent laryngeal nerve. 

Branches. (1) Brachiocephalic (innominate), (2) left common carotid, (3) left 
subclavian. 

Development. The arch of the aorta is formed by contribution from the caudal part cl tie 
left portion of the aortic sac, left fourth aortic arch and from the left dorsal aorta up to iu fusion wa 
the right dorsal aorta. 

Anomalies. Anomaly qf origin. The arch of the aorta may occasionally be seen to be formed 
on the right side which is a normal condition in the birds. Occasionally there may be two atom 
(normal in reptiles) which unite dorsally to form the descending aorta; the trachea ana the oesoptugin 
are usual!) entangled between the two arches. 

Anomaly of the branches, The anomalies of branches from tlie arch of the aorta are due to varia- 
tions tn the extent of fusion-process and absorption of some of the aortic arclies into the aortic sac. 
Huii the branches from the arch of the aorta may either increase in number or they decrease. , 

Occasionally the arch of the aorta may be found to give origin to the six main arteries of tl ichra a 
and n*rk and the upper limbs namely, right subclarian, right common carotid, right re rtcbral, left 
carotid, I'ft tertcbrtl and the left nidation artery. The brachiocephalic (innominate) and the right 
common carotid arteries may be found to be ahsorbed into the arch and five branches namely, nghf*- 
cumin, right external carotid, right internal carotid, left common carotid and the left subclarian, may be ana- 
c-iated with the arch Occasionally only the whole of the first part of the left subclavian artery a 
found to be absorbed into the arch resulting in four branches from the arch namely, the braunem** 
(innominate), the left common carotid, left rertebrol and the left subclarian. Occasionally in *““*,,*: 
the usual three branchm the arteria thyroid ima, the internal mammary, inferior thyroid and the bronehiat ertn) 
ma> be found to arise from the arch. . . 

I he number of branches may also decrease, thus, tile right subclavian and a common stem givin, 
origin to right and left common carotids and the left subclavian may be found to arise from «*c aren 
\\ hen such condition exists the right common carotid artery may be found to crest in front of the trachea- P*®*' 
sionally there u absence of the brachiocephalic (innominate) artery; the two common carotid artenes, Ff 
a common trunk, and the left subclavian artery, arise from the arch; the right subclavian artery m W“ 
condition is found to arise from the descending thoracic aorta and runs upwards and W the n?" 1 
behind the oesophagus. Occasionally there are two bradiioccphalie (innominate) arteries, «« 
splitting into right subclavian and the right common carotid and the other Into left common caroiw 
and left subclavian. 

Brachiocephalic (Innominate) artery. The brachiocephalic (innominate) 
artery is the hugest branch of the arch of the aorta and is the extreme right branch 
from the summit of the arch . It begins from, opposite the middle of the back of the 
manubrium stemi and passes upwards, backwards and to the right to reach the 
upper border of the back of the right sternoclavicular articulation where it divides 
into right subclavian and right common carotid arteries. 

fttlafions. Anteriorly, ibis Ttlated to the back of the manubrium stemi from which 
it is separated by the origin of the sternohyoid and sternothyroid muscles, remains 
of the thymus, the left brachiocephalic (innominate) vein, which crosses in front 01 
the roots of the three great vessels, and the right inferior thyroid vein. Posteriorly, 
it is related, below, to the left common carotid artery, and above, to the trachea and 
the inferior thyroid vein. On the right side it is related to the right brachioceph 3 * 11 
(innominate) vein in its upper part and to the superior vena cava in its lower part* . 

In addition to its terminal branches it occasionally provides a few tliym |f 
branches, the arteria thyroid ima and the bronchia! artery. , 

Development. With the change in position of the heart the cranial portion of the aortic *j*C * 
drawn apart into right and left horns. The drawn out right horn develops into the brachioccpw 
(innominate) artery while the left horn develops into the left common carotid artery. 



from the arch of the aorta. 
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COMMON CAROTID ARTERIES 

The common carotid arteries are two in number, right and left. The right 
common carotid artery arises from the brachiocephalic (innominate) artery while 
the left common carotid artery arises from the arch of the aorta. The relations of 
the two arteries are almost the same on both the sides except that the left common 
carotid artery which arises from the arch of the aorta has additional relations 
within tiie thoracic cavity. 

Left common corotid artery. The left common carotid artery is inter- 
mediate in position amongst the three branches of the arch of the aort a. It ascends 
upwards behind the manubrium stemi to the level of the left sternoclavicular arti- 
culation from where it is continued to the neck. Thus the left subclavian artery 
can be divided into thoracic and cervical parts. 

Thoracic pari. Course and relations. Anteriorly, it is related to the back of the 
manubrium sterni being separated by the sternohyoid and the sternothyroid muscles, 
remains of the thymus and the anterior magrin of the left lung and pleura. _ Close 
to its origin it is crossed i n front by the left brac hiocephalic (innomina te) vein. 
Post eriorly, it is related to the trachea (m {is loWer part only), left edge of the ocso- 
phagus, thoracic duct and the left, recurrent laryngeal nerve. On the right side it is 
related to the brachiocephalic (innominate) artery in its lower part and ta the trachea 
in its upper part. On the lejl side it is related to the left phrenic, the left vagus, the 
left subclavian artery and the left lung and the pleura. 

It does not provide any branch in the thorax. 

Cervical part. Course. The common carotid artery enters the neck behind the 
sternoclavicular articulation and ascends upwards and backw ards under cover of 
the anterior margin of the sternomastoid upto the level of the upper border of the 
thyroid cartilage opposite theJ gurth cerv ical vertebrawhere it ends by dividing into 
external and internal caroticfarteries. In the ne ck together with the internal jugular 
vei n and the 'vagus nerve it is gnvc loped by_a fascial shea tn derived lrom the "deep 
ccrvicaf fascia known as tiiccarotid sheath. 

Relations. Posteriorly, iTis" related to the anterior tubercles of the transverse 
processes of the lower four cervical vertebrae and the origins of the scalenus anterior 
and the longus cervicis and capitis muscles, and is separated from them by the pre- 
vertebral layer of the deep cervical fascia and the sympathetic trunk. At the root 
of the neck it is related posteriorly to the fidt portion of the vertebral artery and the 
origin of the inferior thyroid artery. On the left the thoracic duct forms an additional 
posterior relation to it. f 

An tenseirjp, it is coi’sead by the jdciin, •superficial fascia, phxtysma and the deep 
fascia and is overlapped by the anterior margin of the sternomastoid muscle. In 
the lower part of the neck thejnferior belly of the omohyoid, sternohyoid and the 
sternothyroid muscles intervene between it and the^ sternomastoid. Higher in the 
neck, the (common) facial vein crosses in front of it before its termination in the 
internal jugular vein. The ramus dcsccndens hypoglossi and the ansa hypoglossi 
usually lie in front of it being separated by the carotid sheath. Laterally, it is covered 
by the sternomastoid being separated by the carotid sheath. Medially , it is related 
to the pharynx, larynx, trachea, oesophagus and the thyroid gland. 

Within the carotid sheath it is overlapped by the internal jugular vein laterally 
and In between the two posteriorly is the vagus nerve. 

Except its terminal branches (external and internal carotid arteries) usually 
it does not provide any branches in the neck. At its point of bifurcation it usually 
presents a dilatation known as the carotid sinus. This u due to thinness of the tunica 
media with proportionate thickness of the tunica adventitia. _ The carotid sinus is 
richly supplied with both sympathetic and parasympathetic (glossopharyngeal) 
nerves and is concerned in regulating blood pressure in the cerebral arteries. (Vide 
nerve supply of the blood vessels). 

Development. The third aortic arch together with the persisting doml aorta cranial to it 
forma the common and the internal carotid arterie*. 
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Anomalies. When the innominate stem is absorbed into the aortic arch the right taunt 
earotid artery arises from the arch of the aorta and forms the second branch from the right side, lit 
first branch wing the right subcias ian. When die right fourth aortic arch is obliterated ther-si' 
jubclas uin arises from the descending aorta and the right common carotid in this case forms the L-i 
branch of the arch of the aorta from the right side. At its origin from the arch of the aorta the r$i! 
common carotid artery may be situated either on the right side or on the left side of the meihan plant 
in case of the latter the artery passes either in front of the trachea or behind the oesophagus. £w2s 
the common carotids and the right subclavian may also arise by a common stem from die arch oTtfce 
aorta. ... , * 

Tltc common carotids may Tail to divide or it may divide cither at a higher or at a lower bid 
When it does not divide the branches which usually arise from the external carotid, aba arise from it. 

Carotid body- It is a small oval body situated behind the common carotid 
artery immediately before its bifurcation. It is a little less than half an inch in length 
anti is composed of a few lobules connected together by areolar tissue. Deal of- 
mentally it is derived from the mesoejerm of the third branchial arch and consequently 
is intimately related to the artery of the same arch (internal carotid artery).' 
Structurally each lobule is composed of polyhedral cells containing sinusoid-liie blood 
vessels and sympathetic nerves. It is richly supplied with nerves derived from the' 
sympathetic^ and the glossopharyngeal nerves. » f 


External carotid artery : 

Course. It begins at the bifurcation of the common carotid artery opp osite the 

u pper * * " ’ ’ *' ~ 


ramiuM »u«icoi>* 


ana ascending upwards it at first lies 
deep to and then within the substance 
of the parotid gland and ends by divid- 
ing into maxillary (internal maxih 
lary) and superficial temporal arteries 
opposite the level of the neck of the 
mandible. 

Relations. Opposite the angle of 
the mandible it is covered 
ficially by the posterior belly of the # 
digastric and the stylohyoid" muscle 
Between its origin and the posterior 
belly of the digastric it is compara- 
tively superficial being overlapped' 
only by the anterior margin of the 
sternocleidomastoid. *It is crossed' 
tvperfeially by the ( cgnrnonLj ^^ 
vein and the hypoglossal nerve in this 
situation. Above tge angle of the 
mandible it at first lies posterior to the 
parotid ghnd apd then embedded 
into its substance. Medially u 
related to the middle and inferior 
constrictor muscles of the pharynx 
and the external and the internal 
laryngeal nerves. Postero~laleraUy it » 5 
related to the internal carotid artery. 

JV.fi. Although it is railed lie 
carotid artery it lies internally of the two 131 
otid arteries. 

Branches of the external carotid artery: 

(1) Superior thyroid. (5) Ascending pharyngeal. 

(2) Lingual. (6) Posterior auricular. 

(f) *’ ac <ah (7) Superficial temporal. 

(4) Occipital. (8) Maxillary. 

\ Dertlopmror. The external carotid artery ariv-s ai a branch budding of! from the ventral root 
i of the third aortic *rch. 
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supply the mucous membrane of the tongue, palatine tonsil, soft palate and the 
epiglottis. 

Sublingual branch. It arises from the lingual artery at the anterior margin of the 
hyoglossus muscle and then runs forwards between the genioglossus and mylohyoid 
muscles to reach the sublingual salivary gland. It supplies the adjacent muscles, 
the sublingual gland and the mucous membrane of the mouth and gums. One of 
its branches pierces the mylohyoid muscle and ends by anastomosing with the 
submental branch of the facial artery. Another branch passes beneath the mandi- 
bular gums and ends by anastomosing with the fellow of its opposite side. 

Arleria profunda linguae. It is the terminal portion of the lingual artery and has 
been described with the main artery. 

Facial artery. The facial artery (external maxillary) arises from the anterior 
aspect of the external carotid artery in the neck and after a considerable course in the 
neck and in the face it ends at the medial palpebral commissure by anastomosing 
with the dorsal nasal branch of the ophthalmic artery. Thus the artery may con- 
veniently be divided into a cervical part and a facial part. 

Cervical pari of Ike facial artery. Course. In the neck, the facial artery arises from 
the anterior aspect of the external carotid artery in the carotid triangle a little higher 
than the lingual artery and immediately above the greater cornu of the hyoid bone. 
From its origin it ascends vertically upwards to the angle of die mandible and then 
turns downwards forming a loop and descends in the groove on the posterior part 
of the submandibular gland and then it passes forwards between the lateral surface 
of the submandibular gland and the medial pterygoid muscle and readies the 
lower border of the mandible and finally it arches over the mandible to enter th e 
face a t the anterior border of the masseter muscle. 

Relations. In its course through the neck it is at first superficial being covered 
only by the skin, superficial fascia, platysma and die deep fascia, and opposite die 
angle of the mandible it becomes deep by passing beneath the posterior belly of the 
diagastric and the stylohyoid muscles. Then it lies in the groove on the posterior 
aspect of the submandibular gland and subsequendy it lies between die gland and 
the medial pterygoid muscle. Again it becomes superficial where it arches over 
the mandible to enter into the face. Here the (anienor) facial vein lies posterior to 
it. At first it lies on the middle constrictor musde of the pharynx, and higher up, 
opposite the angle of the mandible it lies on the superior constrictor or it may ascend 
further up to lie on the styloglossus muscle and in this situation it is separated from 
the palatine tonsil by the superior constrictor and the styloglossus muscles. Occa- 
sionally it may be crossed by the hypoglossal nerve. 

Facial pari of the facial artery. Course. The facial artery enters the face at die 
anterior border of the masseter muscle and ascends upwards and forwards across 
the check to reach the angle of the mouth and then ascends further up along the side 
of the nose to reach the medial palpebral commissure where it ends by anastomosing 
with the dorsal nasal branch of the ophthalmic artery. 

Relations. Opposite the anterior border of the masseter it is superficial and lies 
under cover of the skin, superficial fascia and the platysma. In its course through the 
face it is covered by the skin, fat of the check, and opposite the angle of the mouth, 
it lies under the risorius and the zygomaticus major; opposite the medial palpebral 
commissure it is hidden by the fibres of the levator labii superiors aheque nasi. It 
lies successively upon the body of the mandible, buccinator, levator anguli oris and 
the levator labii superioris alacque nasi. The (anterior) facial vein lies posterior to 
it opposite the medial palpebral commissure and then is separated from it by a 
considerable distance and opposite the anterior border of the masseter, it again ernnes 
into intonate relation with the artery and lies immediately posterior to it. 

Eranck's : Cervical part : 

(1) Ascending palatine. (3) Glandular. 

(2) Tonsillar. (4) Submental. 
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Facial part : ' * ' 

(1) Superior labial. (3) Lateral nasal. . . 

(2) Inferior labial. 

,1, caulks point in,. It arises from the facial artery close to its origin and ascends 
upwards between the styloglossus and stylopharyngeus muscles to the side wall cf , 
the pharynx and then ascends to the base of the skull between the supcnor comtnfl 
muscle of die pharynx and the medial pterygoid muscle. It then reaches die knar 
palati muscle where it divides into two branches. One branch, accompanying tic 
levator palati muscle, passes between the upy^r border of the superior constrid£ 
pharvngis and the base of the skull and finally reaches the soft palate. It suppLo 
the adjacent muscles, soft palate and the palatal glands, and anastomose with ttc 
fellow of its opposite side and with the greater palatine artery'. The other brance 
pierces the superior constrictor, supplies the pharyngotympanic tube ana ir 
palatine tonsil and ends by anastomosing with the tonsillar and ascending pharyugo 
arteries. 

Tonsillar branch. It forms the main artery supply to the tonsil and arises ftey 
the facial artery in the upper part of the digastric triangle. It ascends upwam 
between the medial pterygoid and the styloglossus and opposite the upper Doraerw 
the latter muscle it pierces the superior constrictor ana enters into the pau 
tonsil. - . . 

Glandular branches. They form three or four large branches which s^PP^y . 
s ubmandibular saliva ry and lymph glands and the adjacent muscles; some o 
terminal twigs end in the neighbouring skin. 

Submental artery. It is the largest of the branches in the neck and arises from i « 
facial artery as soon as it quits the submandibular gland. It runs fonvarm on 
mylohyoid muscle below the body of the mandible and deep to the anterior y 
of the digastric muscle and reaches the chin where it divides into superficial ana r 
brandies. The superficial branch ascends on the chin between the skm an 
depressor labii inferioris and ends by anastomosing with the inferior hbiai ?■ 
The deep branch ascends between the bone and the depressor Iabu < nicr ‘ or '? 
ends by anastomosing with the inferior labial and the mental arteries. In i« c 
in the submandibular fossa it supplies the adjacent musdes and anastomoses 
the sublingual branch of the lingual artery and with the mylohyoid branch o 
inferior dental arteries. 

Inferior labial artery. It arises from the facial artery dose to the angle o 
mouth and soon passes to the lower lip beneath the .levator anguli oris. « 
pierces the orbicularis oris and runs tortuously between it and the mucous memo • 
It supplies the musdes, raucous membranes and glands of the lower lip ana . f 
moses with the artery' of the opposite side and with the mental branch of the un 
dental artery’. ‘ , 

Superior labial. It passes to the upper lip and is more tortuous than the pr®. {( 
ing artery. It supplies the upper lip and anastomoses with the fellow of its epPjr! 
side. It provides alar and septal branches. The alar branch supplies the ala 
nose while the septal branch supplies the vestibule of the septum of the nose. 

Lateral nasal. It arises from the fadal artery as it runs by the side of 
It supplies the sides of the nose and anastomoses with the alar and septal bra 
of the superior labial artery, dorsal nasal brandi of the ophthalmic artery an 
the infraorbital brandi of the maxillary artery. „ ^ 

Occipital artery. Course. The occipital artery arises from the extern* 
carotid artery opposite the origin of the facial artery. It ascends upwaros 
backwards to reach the posterior part of the scalp where it ends by supplying »• . 

Relations. At first it lies in the carotid triangle where it is superficial 
„ covered only by the skin, superficial fascia, platysxna and the deep fascia.. _ 
as it runs upwards and backwards it crosses the internal carotid artery, 115 
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jugular vein, the hypoglossal (which hooks round it), vagus and the accessory nerves 
and then passes under cover of the posterior belly of the digastric to reach the interval 
between the transverse process of the atlas and the mastoid process of the temporal 
bone. Then it traverses the groove on the mastoid part of the temporal bone where 
Jit is covered by the sternomastoid, splenius capitis, longissimus capitis and the posterior 
belly of the digastric. Finally it becomes superficial again by piercing the aponeuro- 
tic connection between the sternomastoid and the trapezius and then divides into 
branches which pass in the subcutaneous tissue of the scalp and ends by supplying 
: it. In its course upwards and backwards from above the level of the transverse 
'process of the atlas to the scalp it lies successively upon the rectus capitis lateralis, 
obliquus capitis superior and the semispinalis capitis. Its terminal branches are 
accompanied by the branches from the greater occipital nerve. 

Branches ; 

; • (1) Sternomastoid. (5) Descending. 

(2) Mastoid. (6) Meningeal. 

» (3) Auricular. (7) Occipital (terminal branches). 

■ (4) Muscular 

j 

Sternomastoid branches. The sternomastoid branches of the occipital artery 
are two in number, upper and lower. The upper sternomastoid branch arises from 
•the occipital artery as it crosses the accessory nerve and then accompanying the 
'nerve it passes superficial to the internal jugular vein and enters into the sternomastoid 
muscle. The lower sternomastoid branch arises from the occipital artery close to its 
origin and passes downwards and backwards by crossing superficial to the hypoglos- 
sal nerve and the internal jugular vein and finally enters into the sternomastoid 
•muscle and anastomoses with the sternomastoid branch of the superior thyroid 
'artery.- 

5 Mastoid. It is a small inconstant branch from the occipital artery which enters 
into the cranial cavity through the mastoid foramen. It ends by anastomosing 
/with the middle meningeal artery and in its course it supplies the mastoid air cells 
r and the dura mater. 

' Auricular branch. It supplies the back of the concha and ends by anastomosing 
; with the posterior auricular artery. 

Muscular branches. The muscular branches supply the digastric, stylohyoid, 

’ splenius capitis and the longissimus capitis, 

I Descending branch. It arises from the occipital artery as it lies on the obliquus 
j capitis superior muscle and divides into superficial and deep branches, Th c superficial 
I branch runs deep to the splenius and ends by anastomosing with the superficial branch 
of the transverse cervical artery. The deep branch runs downwards between the 
semispinalis capitis et cervica and anastomoses with the vertebral artery and the 
* deep cervical branch of the costocervical trunk. 

Ateningeal branches. They enter the cranium through the jugular foramen and 
the posterior condylar canal and supply the dura mater in the posterior cranial 
,• fossa. 

i Occipital branches. They are the terminal branches which supply the scalp and 
f ascend as high as the vertex. The parent trunk is very tortuous and one of its 
terminal twigs passes through the parietal foramen to supply the dura mater. 

f Ascending pharyngeal artery. This is the smallest branch from the external 
c carotid artery and arises from it just after Its origin. It is deeply seated and rum 
’ vertically upwards on the longus capitis muscle to the base of the skull and lies in 
'.f between the internal carotid artery and the side-wall of the pharynx. It is crossed 
j by the styloglossus and the stylopharyngem . At the base of the skull it anastomoses 
j with the ascending palatine branch of the facial artery. 
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Brandies: ’ , ^ 

fl) Pharyngeal. 

(2) Inferior tympanic. 

(3) Meningeal. 

The pharyngeal branches of the ascending pharyngeal artery are two or three in 
number and they supply the muscles of the pharynx. One of the branches pass 
thtough the gap between the upper border of the superior constrictor muscle of the 
pharynx and the base of the skull and accompanying the levator muscle it enters tie 
soft palate. It may replace the ascending palatine branch of the facial artery. 

The inferior tympanic artery is a small branch which enters the^ tympanic cavitj 
through the tympanic canaliculus in company with the tympanic branch of tk 
glossopharyngeal nerve. It supplies the medial wall of the tympanic cavity and 
ends by anastomosing with the other tympanic arteries. 

The meningeal branches are several small branches wliich supply the dura maw. 
They enter the cranial cavity through the anterior condylar canal, jugular foramei 
and the foramen lacerum. 

Posterior auricular artery. It is a small branch from the external carotid 
artery' and arises from it as it is crossed by the posterior belly of the digastric and tat 
stylohvotd muscles. It runs upwards and backwards under cover of the parotid 
gland to reach the groove between the cartilage of the ear and the mastoid procei 
v. here it ends by dividing into auricular and occipital branches. 

Auricular. It supplies the posterior part of the auricle and ends by anastomose? 
with the posterior and auricular branches of the superficial temporal artery. 



smorwToto iaancm hmuyncml *ht«hy 
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. . Tig. 605. The arteries supplying the middle-ear. ... •• 

Note the distribution of the arteries from different sources. With the kind permission from : >Y. *>• 
liollinshead, Th.D. : Anatomy for the Surgeon; Paul B. Hoebcr; I.N.C., New York. 

Occipital. It passes laterally crossing the mastoid process and reaches th e 
posterior part of the scalp where it ends by anastomosing with the occipital artery. 

Stylomastoid branch. The stylomastoid branch of the posterior auricular artc 5 
enters the stylomastoid foramen and then enters into the tympanic cavity, - .*^ 
supplies the tympanic cavity, tympanic antrum, mastoid air cells and the sen }'5Jf 
*- ctdar canals and anastomoses with the superficial petrosal branch of the nu<W, c 
meningeal artery. 
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Middle temporal artery. It arises from the superficial temporal artery above &t 
zygomatic arch and it pierces the temporal fascia, supplies the temporalis mtsdr 
and ends by anastomosing with the deep auricular branch of the maxillaryarterf: 

Anterior branch. It runs upwards and forwards to the frontal eminence and 
ends by anastomosing with the fellow of its opposite side and with the supraorbital 
and supratrochlear arteries. It is very tortuous in its course. 

Posterior branch. It curves backwards to the posterior part of the side of tie 
head superficial to die temporal fascia and ends by anastomosing with the oedpiai 
and posterior auricular arteries. 

Maxillary artery (internal maxillary). It is the larger terminal branch of tit 
external carotid artery and begins from opposite the neck of the mandible. At in 
origin it runs horizontally forwards between the n_£ck-of the mandibl e and tit 
sph en oman dibularJig aigcti t and c rossing the inferior <lent.il nerv e it readies the love 
bore ler' oT the-lateraLptcrvgoi d mu scle. Then it ascends upwards crossing. 

medullt 
opalatine 
terminal 


ficial to the lower, hea d oLtbc latera l pter ygoid muscl e-and then it passes 

fossa ' through 4hc_ptery_g omax il lary fissur e and ends by dividing into its 
branches. ** v 



Fig. 607. The maxilb ry artery and its branches. 


The portion of the maxillary artery extending from its origin to the lower border 
of the lateral pterygoid musde constitutes its first part, the portion extending o™ 
the Lateral pterygoid muscle constitutes its second or pterygoid part and the porno 
extending from between the two heads of the lateral pterygoid muscle to the ptcry* 
gopalatine fossa constitutes its third or the pterygopalatine part. 


Branches from the first part of the maxillaiy artery (5 brandies) \ 

(1) Deep auricular. (4) Accessory meningeal. 

(2) Anterior tympanic. (5) Inferior dental. 

(3) Middle meningeal. 


Branches from the second part (4 branches) : 

(1) Deep temporal. 

(2) rterygoid. 


(3) Masseteric. 

(4) Buccal, 


Branches from the third fart (6 branches) • 

(1) Posterior superior dental. 

(2) Infraorbital. 

(3) Greater palatine. 


(4) Pharyngeal. , 

(51 Artery of the pterygoid canal. 
(6) Sphenopalatine. 
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Deep t utricular artery. It is the first branch of the (internal) maxillary artery and 
ascends upwards behind the mandibular joint where it gives a twig to the same. 
Then it pierces the cartilage of the pina of the ear and ends by supplying the external 
surface of the tympanic membrane. 

Anterior tympanic artery. It is smaller than the preceding artery and ascends 
upwards behind the mandibular joint and then it enters the tympanic cavity through 
the p etrotympanic fissure . In the tympanic cavity it ramifies on the internal surface 
of thelympamcmejubrane; by a nastomosing w ith the pn^ering-iympa nic branch of 
the stylonia stoid ar tery it forms Ifvascular ring around the tympanic membrane. 
It also anastomoses with the caroticotympanic and the artery of the pterygoid canal. 

Middle meningeal artery. It is the largest of the meningeal arteries and arises from 
the first portion of the maxillary artery. At its origin it lies between the spheno* 
mandibular ligament and the lateral pterygoid muscle. Then as it ascends upwards 
behind the lateral pterygoid muscle it is encircled by the two roots of the auriculo- 
temporal nerve and lies on the tensor palati muscle and is crossed by the chorda 
tympani nerve and then it enters the cranial cavity through the foramen spinosum 
accompanied by the meningeal branch of the mandibular nerve (nervus sptnosus); 
then it leaves the nerve and runs forwards and laterally in a groove on the squamous 
part of the temporal bone and then divides into anterior and posterior branches. 

The anterior branch crosses the greater wing of the sphenoid bone and then 
enters in a groove on the anteroinferior angle of the parietal bone; here it divides 
into branches which ascend upwards and backwards between the dura mater and 
the cranium to the summit of the cranial cavity where it ends by anastomosing 
with the similar brandies from the opposite side. One of its branches h> large and 
ascends vertically upwards at a distance of about half an inch from the coronal 
suture. 

The posterior branch runs upwards and backwards in the posterior part of the 
squamous part of the temporal bone and reaches the parietal bone a little in front 
of its posteroinferior angle and finally divides into branches which supply the dura 
mater in the posterior part of the cranium and end by anastomosing with the branches 
from the opposite side. 

Branches: 

(1) Ganglionic. It supplies the trigeminal ganglion. 

(2) Superficial petrosal. It enters the tympanic cavity through the 
hiatus of the greater superfida! petrosal nerve and supplies the tympanic 
cavity. 

(3) Superior tympanic. It enters the tympanic cavity through the canal 
for the tensor tympani muscle and supplies the tympanic cavity. 

(4) Temporal branches. They come out in the tempo rat fossa by passing 
through minute foramina in the greater wing of the sphenoid bone and 
end by anastomosing with deep temporal arteries. 

(5) Orbital. It enters the orbit through the superior orbital, fissure and 
ends by anastomosing with the recurrent meningeal branch of the 
lacrimal artery. 

(6) Terminal (anterior and posterior). 

Accessory meningeal artery. It arises either from the (internal) maxillary or from 
the middle meningeal artery and enters the cranial cavity through the foramen 
ovale. In the cranial cavity it supplies branches to the dura mater and the trigeminal 
ganglion. 

Inferior alveolar (dental) artery . It arises from the lower border of the first part of 
the maxillary artery and descends on the medial aspect of the ramus of the mandible 
to the mandibular foramen. It then enters the mandibular canal in company with 
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the inferior alveolar (dental) nerve and reaching the level of the first prcmolar toot!.’ 
it ends by dividing into incisive and mental branches. In its course to the mandi- 
bular foramen it intervenes between the ramus of the mandible and the spheco- 
manuiiiular ligament and lies posterior to the inferior alveolar (dental) nerve. Jibs 
hr fm r « enters into the mandibular canal it gives out its mylohyoid branch and 
near its origin it gives out its lingual branch which accompanies the lingual nenc 
and supplies the tongue. 

Mylohyoid artery. It arises from the inferior dental artery and after pittdps 
llir sphenomandibular ligament it descends on the mylohyoid groove together with 
the m\ tohvoid nerve. It ramifies on the surface of the mylohyoid muscle and anasto- 
moses with the submental branch of the facial artery. 

Incisive branch. It reaches the median plane by passing below the incisor 
teeth and ends by anastomosing with the fellow of its opposite side. In its course 
it supplies the incisor teeth. ' 

Mental branch. It comes out through the mental foramen and supplies the 
r hm It anastomoses with the submental and the inferior labial branches of the 
facial at tcry. 

Deep temporal branches. Deep temporal branches arc anterior and posterior and 
they ascend to the temporal fossa between the temporalis muscle and the pericranium. 
'Users supply the temporalis muscle and anastomose with the middle temporal artery. 
The anterior deep temporal artery gives a branch which pierces the zygomatic bone 
and the greater wing of the sphenoid and anastomoses with the lacrimal artery. 

Pterygoid branches. They supply the pterygoid muscles. 

Meuuteric artery. It is a small branch from the (internal) maxillary artery a" jj 
accompanying the masseteric nerve it passes through the mandibular notch behind 
the tendon of the temporalis muscle and reaches the deep surface of the massclef 
muscle. It ends by supplying the muscle and anastomoses with the masseteric 
branch of the facial and with the transverse facial artery within the muscle. 

Buccal artery. It runs downwards and forwards between the medial pterygoid 
and the insertion of the temporalis muscle and accompanies the buccal branch ot 
the mandibular nerve. It reaches the superficial aspect of the buccinator musae 
whjch it supplies and anastomoses with the infraorbital and the branches from tnc 
facial artery. ' 

Posterior superior alveolar (dental) artery. It is the first branch of the pterygopala- 
tine portion of the maxillary artery and arises from it as it passes to the pterygopala- 
tine fossa. It enters the maxilla through the posterior clcntal canals and supply 
the mucous membrane of the maxillary antrum and the premolar and the mou 
teeth. 

Infraorbital artery. It arises usually in common with the preceding artery ant * 
enters the orbital cavity through the posterior part of the inferior orbital fissure. 
It accompanies the infraorbital nerve and runs in the infraorbital groove or cans 
on the floor of the oibit. It emerges to the face through the infraorbital forum* 
and lies under cover of the levator labii superioris. In the face its terT&m 
branches anastomose with the branches of the fecial artery, the transverse 
tire buccal arteries and the dorsal nasal branch of the ophthalmic artery* , . _ e 

orbit it gives out orbital branches which supply some twigs to the rectus inferior, 
nbliquus inferior and the lacrimal sac and by its anterior superior dental artene 
supplies the maxillary air sinus, the incisors and the canine tooth. 

Greater palatine artery. It arises from the (internal) maxillary artery within t * 
pterygopalatine fossa and accompanying the greater palatine nerve it ‘ ,escr “j: 
through the greater palatine canal to the roof of the mouth. Then it runs forwnm 5 
in a groove between the alveolar and the palatal processes to the incisive losv\ 
then enters the nasal cavity through the incisive canal and ends by anastomosing 
. with the sphenopalatine artery. It gives out its lesser palatine brandies which reaca 
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the roof of the mouth through the lesser palatine foramina and anastomose with 
the ascending palatine artery. They supply the soft palate and the tonsils. 

Pharyngeal artery. It is a small branch which accompanies the pharyngeal 
nerve from the sphenopalatine ganglion and runs backwards through the palatino* 
vaginal canal and finally is distributed to the sphenoidal air sinus, pharyngo- tympanic 
tube and the roof of the nasal cavity. 

Artery of the pterygoid canal. It accompanies the pterygoid nerve and runs back- 
wards through the pterygoid canal and ends by supplying the auditory (pharyngo- 
tympanic) tube and the pharyngeal wall. It provides a branch which enters the 
tympanic cavity and ends by anastomosing with the other tympanic arteries. 

Sphenopalatine artery. It is the terminal portion of the (internal) maxillary' 
artery and enters the nasal cavity through the sphenopalatine foramen. It provides 
posterior lateral nasal branches which supply the frontal, maxillary, sphenoidal and 
ethmoidal air sinuses, the conch ^and the meatuses of the nose and anastomose with 
ethmoidal arteries and the nasal branches of the greater palatine artery. Its terminal 
portion breaks up into posterior septal branches. One of these branches descends 
on tire groove on the vomer to the incisive canal and anastomoses with the greater 
palatine artery and the septal branch of the superior labial artery. The other 
branches end by anastomosing with the ethmoidal arteries. 

INTERNAL CAROTID ARTERY 

The internal carotid artery begins at the bifurcation of the common carotid 
artery opposite the upper border of the thyroid cartilage and ascending upwards 
through the neck it enters the carotid canal of the petrous part of the temporal 
bone and emerges from the latter into the cranial cavity where it « at first contained 
within the cavernous sinus and then emerges out of it to reach the base of the brain 
where it divides into branches which are distributed to the brain. Thus the inter- 
nal carotid artery may be divided into cervical , petrous , cavernous and cerebral parts . 

Cervical part of the internal carotid artery. The internal carotid artery 
in the neck is contained within the upward prolongation of the carotid sheath 
along with the interna! jugular vein and the vagus nerve. Posteriorly it lies mostly 
on the Iongus capitis muscle being separated by the prevertebral fascia, superior 
laryngeal nerve, superior cervical sympathetic ganglion and the carotid sheath. 
Anteriorly below the posterior belly of the digastric it is overlapped by the stemo- 
mastoid muscle and is crossed by the hypoglossal nerve, (common) facial vein and 
the occipital artery being separated by the carotid sheath. Above it passes deep 
to the posterior btUy of the digastric, stylohyoid, styloid process and the other 
styloid group of muscles. The styloid process with the styloid group of muscles 
separate it from the parotid gland, external carotid artery, retromandibular 
(posterior facial) vein and the facial nerve. Beneath the stylopharyngcus muscle 
it is crossed by the glossopharyngeal nerve and the pharyngeal branch of the 
vagus nerve. Laterally it is related to the internal jugular vein and the vagus 
nerve. Just before it enters into the carotid canal of the petrous part of the 
temporal bone, the glossopharyngeal, vagus, accessory and the hypoglossal nerves 
and the internal jugular vein lie anterolateral to it. 

The cervical part of the internal carotid artery does not provide any branches. 

The petrous part of the internal carotid artery. Traverses through the 
carotid canal in the petrous part of the temporal bone and (hen enters into the 
cavernous part. 

Cavernous and cerebral parts of the internal carotid artery. The 
cavernous part of the internal carotid artery* lies within the cavernous sinus 
and is separated from the blood of the sinus by the lining endothelium of 
the same. Infero-lateral to it is the abducent nerve and more laterally are the 
oculomotor, trochlear, ophthalmic _ and the. maxillary nerves. . It perforates the 
dura mater forming the roof of the sinus medial to anterior clinoid process. Then 
it runs backwards below the optic nerve and runs between the optic and the 
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oculomotor nerves to the anterior perforated substance and lies on the medial salt 
of the lateral cerebral sulcus where it ends by dividing into anterior and middle 
cerebral arteries. . 

Branches: 

Cavernous part : 

Cavernous, Hypophyseal, Meningeal, Ophthalmic. 

Cerebral part : .... 

.Anterior cerebral, Middle cerebral, Posterior communicating, Anterior 
choroid. 

Du rtopment. The persisting doml aorta crania! to the third aortic arch develops into tie 
ii't'-mi! carotsd artery. 

Anomalies. The internal carotid artery may arise directly from the ardi of the aorta. It auy. 
be completed absent, particularly on the left. The upper extremity of the internal carotid raay « 
absent anil the posterior communicating artery from the posterior cerebral becomes prominent to 
replace the middle cerebral arten . Occasionally the internal carotid artery may provide a «k 
meningeal branch to the posterior cranial fossa. Some of the branches from the external carotid 
may also arise from the internal carotid. 
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, Fig. 608. The yrasels’and nerves of neck, mouth and nasal cavities. 

With the lund permission from Lederle Laboratories — drawn by Mr. Paul Peck- 
Cavernous branches. They form numerous small arterial twigs which suppl) 
the trigeminal ganglion and the walls of the cavernous and the inferior petrosal 
sinuses. A few of them anastomose with the branches of the middle meningeal 
artery. 

Hypophyseal branches. They are one or two small branches which suppty 
the hypophysis cerebri or the pituitary body. 
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Meningeal faranth, It U a small branch supplying the dura mater in the 
anterior mnidfrM^; it endt by anastomosing with the meningeal branch of the 
pwlninr ethmoidal artery. 

The ophthalmic artery. It arises from the internal carotid artery opposite 
theleve! of the optic foramen ami passes through the same lying inferolateral to the 
optic nerve ami enters into the orbital cavity and then toon crosses the optic nerve 
from lateral to the medial side to reach the medial wall of the orbit. Then it parses 
to the medial margin of ihe front of the orhit where it breaks up into its terminal 
brand in, frontal and dorsal natal. The following are the branches of ophthalmic 

artery : 

ijtafai! cr!, tt. It accompanies the lacrimal nerve and supplies the lacrimal 
gland and the eonjimntva and the eyelids. Opposite the lateral palpebral 
commissure it divides into two lalrral pa!/* bra! cileries which anastomose with the 
ttHtiul palpebral arteries to form the emu Icarus. It also gives out zygomatic 
and recurrent meningeal branches. Thegy/jijme/tr honcho are usually two in number. 


»*n»> 



one passes to the temporal fossa bv passing through the zygoma ti co- 1 emporal foramen 
and end* by anastomosing with the deep temporal arteries; the other branch passes 
to the face through the zygoma tico-facial foramen and ends by anastomosing with 
the tronsvcrse'facial branch of the superficial temporal artery. The recurrent mtnin- 
p/al branch of the lacrimal artery runs backwards and enters into the cranial cavity 
through the lateral part of the superior orbital fissure, lying outside the annulus rendi- 
neus communis and ends by anastomosing with a branch of the' middle meningeal 
artery. 
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Muscular branches. They supply the muscles of the eyeball. ' ' 1 , 

Arlcria centralis retinae. It arises from the ophthalmic artery just beyond the I 
optic foramen and pierces the optic nerve about half an inch behind the eyeball | 
It supplies the retina. ^ 

Ciliary arteries. They are the anterior ciliary and the short and the Ions 
posterior ciliary artei ies. The short posterior ciliary arteries are about six or seven in 
number and thev accompany the short ciliary nerves and after piercing the sclera 
around the entrance of the optic nerve, end in the choriocapillary layer of the choroid i 
and in the region of the ora serrata; they anastomose with long posterior andante- 
t ior cilury arteries. The anterior ciliary arteries arise from the lacrimal or muscular 
branches of the ophthalmic artery in the anterior part of the eyeball and pass under 
the conjunctiva to form an arterial circle; finally they pierce the sclera immediately 
behind the sdcro-comeal junction. The long posterior ciliary arteries are two in 
number, and each lies on each side of the optic nerve, and after piercing the sclera 
thry r*ach the choroid and end by anastomosing with the short posterior ciliary 
and anterior ciliary arteries. 

Supra-arbital artery. It accompanies the supra-orbital nerve and passes to die 
scalp. 

Ethmoidal arteries. They are anterior and posterior and pass to the nasal cavity 
through the corresponding ethmoidal foramen. 

Dorsal nasal. It is one of the terminal branches and ends by anastomosing 
with the facial artery. 

Supratrochlear artery. It is one of the terminal branches and accompanies the 
Mipi atrochlcar nerve and supplies the scalp. 

Anterior cerebral. It is the smaller terminal branch of the internal carotid 
artery and begins at the medial margin of the lateral cerebral fissure on the. medial 
side of the olfactory nerve. It passes to the commencement of the longitudinal 
cerebral fissure where it is connected to the fellow of its opposite side by a snort 
communicating trunk known as the anterior communicating artery. Then it enters lire 
longitudinal cerebral fissure and curves backwards over the genu and the trunk of 
the corpus callosum and reaches the posterior end of the splenium where it ends 
by anastomosing with the posterior cerebral artery. It divides into central and 
cortical branches. The central branches enter the brain through anterior perforated 
substance and supply the rostrum, lamina terroinalis, septum luddum, Jentiform 
nucleus and the head of the caudate nucleus. The cortical branches .divide into ’ 
orbital, frontal and parietal groups of branches which supply the respective surfaces 
of the brain. 

Middle cerebral. This is the larger terminal branch of the internal carotid 
artery and b its direct continuation. At its commencement it lies lateral to tne 
optic diiasma and soon enters into the stem of the lateral cerebral fissure. *n its ' 
further course it b contained within the lateral cerebral fissure on the superolateral 
surface of the cerebral herabphere and ramifies into the adjoining portions of the 
brain. The middle cerebral artery divides into central and cortical branches. 

The central branches form a group of blood vessels which penetrate into the brain 
through the anterior perforated substance. After entering the substance of t» e 
bram they arrange into medial and lateral striate groups of blood vessels. Th e 
medial striate group penetrates tlirough the Ientiform nucleus and supplies the lcntiforfli 
and the caudate nuclei and the internal capsule. The lateral striate group runs upw ards 
over the lateral aspect of the Ientiform nucleus and turns medially and penetrates 
the Ientiform nucleus and the internal capsule and finally readies the caudate nucleus 
to supply it. One of the arteries of the lateral striate group is larger than the r«t- 
It is called the artery of the cerebral haemorrhage (Charcot) or the tenticulostriate 
This artery- commonly ruptures in cases of cerebral haemorrhages and is thus called 
.the artery of the cerebral haemorrhage. 
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The cortical branches are grouped into orbital, frontal and parietal branches. 
The orbital branches supply the lateral part of the orbital surface and the inferior 
frontal gyrus. The frontal branches supply the precentral gyrus and the middle 
frontal gyrus. The parietal branches supply the lower part of the superior parietal 
and the whole of the inferior parietal lobules and the post-central gyrus. The 
temporal branches are distributed to the lateral aspect of the temporal lobe of the 
brain. 

Poslcrior communicating. It arises from the back of the internal carotid artery 
and runs backwards below the optic tract and above the oculomotor nerve and 
ends by anastomosing with the posterior cerebral artery. In its course it supplies 
the optic tract, the cerebral peduncles and the floor of the third ventricle. 

SUBCLAVIAN ARTERY 

The left subclavian artery arises from the arch of the aorta and after a short 
course in the thorax it enters the neck. The right subclavian artery arises from 
the brachiocephalic (innominate) artery. In the neck the scalenus anterior muscle 
:rosscs in front of the artery and sub-divides it into three parts— first, second and 
:lie third. The first part extends from its origin to the medial border of the 
scalenus anterior, the second part lies under cover of the scalenus anterior while 
be third part extends from the lateral border of the scalenus anterior to the outer 
border of the first rib where it is continued as the axillary artery. The first 
jortion of the left subclavian artery is longer than that of the right. 

Left subclavian artery. It arises from the left portion, of the arch of the 
lorta and ascends upwards to the root of the neck and then is continued to the neck. 

Anteriorly, it is related to the left side of the back of the manubrium sterni being 
separated by the sternohyoid and sternothyroid muscles, remains of the thymus 
ind the anterior margin of the left lung and the pleura. At its origin it lies posterior 
:o the left common carotid artery and is crossed by the commencement of the left 
brachiocephalic (innominate) vein. The left phrenic and the left vagus nerves 
intervene between it and the left common carotid artery. Posteriorly , it comes into 
relation with the left lung and the pleura. Medially , it is related to the trachea, 
left recurrent laryngeal nerve, oesophagus and the thoracic duct. Laterally, it is 
related to the left lung and the pleura and forms its impression on the mediastinal 
mrface of the left lung in front of its apex. 

It does not provide any branch in the thorax. 

First portion of the subclavian artery in the neck. The first portion of the subclavian 
irtery enters the neck behind the upper part of the sternoclavicular articulation 
md arches upwards and laterally to reach the medial margin of the scalenus anterior 
where it becomes continuous with the second part. Anteriorly, it is covered by the 
;kin, superficial fascia, platysma, deep fascia, clavicular origin of the stemomastoid 
md the origins of the sternohyoid and the sternothyroid muscle. It is crossed in 
front by the internal jugular vein, vagus and cardiac nerve and the vertebral veins. 
Close to the scalenus anterior it is encircled by the ansa subclavia from the sympathetic 
oerve and on the left side, in addition, it is crossed by the left phrenic nerve and the 
thoracic duct. Postm-inferiorly it is related to the apex of die lung but is separated 
from it by the pleura and the suprapleural membrane, the recurrent laryngeal nerve 
and the ansa subclavia. The recurrent laryngeal nerve comes into relation with 
the subclavian artery on the right side only and after its origin from the right vagus 
nerve as it crosses in front of the artery’ it hooks round below it. Posteriorly it is related 
to the sympathetic trunk, longus cervicis muscle, right recurrent laryngeal nerve 
and the first thoracic vertebra. 

Second portion of the subclavian artery . The second portion of the subclavian 
artery lies behind the scalenus anterior and forms an arch, the summit of which is 
about 3/4 inch distant from the clavicle. Anteriorly it is covered by the skin, super- 
ficial fascia, platysma, deep fascia, stemomastoid and the scalenus anterior muscles. 
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On the right ride the phrenic nerve crosses in front of it being separated by the scalenus 
anterior, Postero-infmorly it is related to the lung and pleura. Antao-infmorU it 
is related to the subclavian vein being separated by the scalenus anterior. Superior!} 
it comes into relation with the upper and the middle trunks of the brachial plexus. 

Branches: From the first part: 

(1) Vertebral. 

(2) Thyrocervical. 

(3) Internal thoracic (mammary). 

(4) Costocervical trunk (left side). 

From the second part (right side) : Costocervical trunk. 

Development. The left subclavian artery is formed by the left seventh intersegmental brand 
of the left dorsal aorta. The right subclavian artery is formed by the right fourth aortic arch, right 
dorsal aorta between the right fourth and seventh intersegmental arteries, and a part by the Tight 
seventh intersegmental artery. 

Anomalies. The right subclavian may arise directly from the arch of the aorta. It may (to 
arise from a common stem from the arch of the aorta which gives origin to right subclavian, rignt 
common carotid and the left common carotid arteries. The right subclavian may occasionally arae 
from the descending aorta and runs upwards and to the right behind the oesophagus. The left sub- 
clavian may also arise by a common stem with the left common carotid. 

The other anomalies associated with the subclavian artery are its abnormal position and branches. 
The artery may pass in front of the scalenus anterior muscle or it may pierce through it. The tubclavua 
vein ma> accompany it. The branches of the subclavian artery vary in their number and in their 
points of origin. 

Vertebral artery. The vertebral artery arises from the postero-superior part 
or the first portion of the subclavian artery and ascends upwards to reach the fora* 
men transversarium of the sixth cervical vertebra and then passes upwards through 
the foramina in the transverse processes of the cervical vertebrae and then winds 
backwards behind the lateral mass of the atlas and reaches the groove on the upper 
surface of the posterior arch of the atlas. Finally it enters the cranium through 
the foramen magnum and reaching the lower part of the pons it unites with the fellow 
of its opposite side to farm the basilar artery. It is divisible into four parts. Th' 
first part begins from its origin to the foramen transversarium of the sixth cervical 
vertebra, the second part extends from the latter to the foramen transversarium of 
the atlas, the third, part is contained in the sub-occipital triangle while the fourth 
part is contained 'within the cranial cavity. 

First part of the vertebral artery. The first part of the vertebral artery begins from 
the postero-superior part of the first portion of the subclavian artery and extends 
upto the foramen transversarium of the sixth cervical vertebra where it is continuous 
with the second part. It ascends upwards and backwards between the medial 
margin of the scalenus anterior and the longus cervicis muscle. Anteriorly it a 
related to the common carotid artery and the vertebral vein and is crossed by the 
inferior thyroid artery. On the left side, in addition, it is crossed by the thoracic 
duct. Posteriorly it is related to the transverse process of the seventh cervical vertebra, 
the anterior primary rami of the seventh and the eighth cervical nerves and the 
inferior cervical sympathetic ganglion. 

Second part of the vertebral artery. The second part of the vertebral artery trans- 
verses through the foramina tramversaria of the upper six cervical vertebrae. It ° 
accompanied by the vertebral plexus of sympathetics derived from the inferior 
cervical sympathetic ganglion and the vertebral plexus of veins which unite u> uje 
lower part of the neck to form the vertebral vein. In its course it lies in front of the 
anterior primary rami of the cervical nerves. 

Third* part of the vertebral artery. The third part of the vertebral artery begins 
as a continuation of its second part from the foramen transversarium of the atlas 
where it lies on the medial side of the rectus capitis lateralis and ends in the fourth 
part by entering the vertebral canal below the lower arched border of the posterior 
occipital membrane. From its origin it arches backwards on the lateral 
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mass of the atlas and reaches the groove on the upper surface of the posterior arch 
of the atlas where it is contained in the sub-occipital triangle being covered by the 
semispinalis capitis. In its course it is accompanied by the anterior primary 
ramus of the suboccipital nerve (first cervical nerve) which lies medial to it. The 
posterior primary ramus of the suboccipital nerve lies below it and intervenes between 
it and the posterior arch of the atlas and at once divides into branches which supply 
the suboccipital muscles. 

Fourth part of the vertebral artery. The fourth part of the vertebral artery enters 
the cranial cavity through the foramen magnum by piercing the dura mater and 
the arachnoid immediately above the posterior arch of the atlas. It at first runs 
upwards in front of the first ligamentum denticulatum and then passes in front of 
the roots of the hypoglossal nerve. Then it inclines upwards and medially in front 
of the medulla oblongata to reach the lower border of the pons opposite the median 
plane where it unites with the fellow of its opposite side to form the basilar artery. 


Branches: 

Cervical: 

ll) Muscular branches. 

(2) Spinal branches. 

(3) Meningeal brandies. 


Cranial: 

(1) Posterior spinal artery'. 

(2) Anterior spinal artery. 

(3) Posterior inferior cerebellar artery'. 


The muscular branches arise from the vertebral atery in the neck and supply 
the deep muscles of the neck and the suboccipital muscles and end by anastomosing 
with the descending branch of the occipital, and the deep and the ascending cervical 
arteries. 

The spinal branches arise in series from the second part of the vertebral 
artery and enter into the vertebral canal through the intervertebral foramina. 
Each artery after entering into the vertebral canal divides into two branches, one 
runs along with the roots of the spinal nerves to the spinal cord where it ends by 
anastomosing with the anterior and the posterior spinal arteries. The other branch 
divides into ascending and descending branches which run upwards and downwards 
respectively on the posterior surfaces of the bodies of the vertebrae and end by 
anastomosing with the similar branches from above and below. They supply the 
intervertebral discs, and the periosteum and the bodies or the vertebrae. 

The meningeal branches consist of one or two twigs which arise from the 
•vl'.yi'i par.t of the. vextrJaral artery belhce. it. piercer the. dura, mater and. they enter 
into the posterior cranial fossa where they end by anastomosing with the meningeal 
branches from the occipital and the ascending pharyngeal arteries. 

The posterior spinal artery usually arises from the posterior inferior cere- 
bellar branch of the vertebral artery, but occasionally, it may arise from the vertebral 
artery directly. It runs downwards and backwards on the side of the medulla 
oblongata and then descends downwards as two branches, one in front of the dorsal 
roots and the other behind them, to the lower end of the medulla spinalis where 
they end by anastomosing with the anterior spinal artery. In their course downwards 
the posterior spinal arteries are reinforced by uniting with the spinal brandies of 
the vertebral, ascending cervical, posterior intercostal and the lumbar arteries. 

The anterior spinal artery arises from the vertebral artery a little below the 
lower border of the pons and descends downwards and medially to reach the from 
of the decussation of the pyramids where it unites with the fellow ofits opposite side 
to form a single median artery. The single trunk thus formed descends on the pla- 
mater in the anterior median fissure under cover the linea splendcm and reaching 
the lower end of the spinal cord it runs along the filum terminale. In its course 
downwards it is reinforced by spinal branches from the vertebral, ascending cervical, 
posterior intercostal and lumbar arteries. It supplies the spinal meninges, the 
grey matter including the base of the posterior horn of both sides and the adjoining 
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white matter. In the cranial cavity branches from it supply the anterior anti • 
median parts of the medulla oblongata and the hypoglossal triangle and the hypo- 
glossal nucleus. In the lower part of the vertebral canal it also provides brandies 
to supply the cauda equina. 

The posterior inferior cerebellar artery is the largest branch of the vertebra! 
artery and arises from it close to the lower end of the olive of the medulla oblongata. 
After its origin it takes a tortuous course backwards and downwards around the 
medulla oblongata and then runs upwards to the lower border of the pons; in jti 
course to the latter it lies behind the roots of the eleventh and the tenth crania! 
nerves. From the lower end of the pons it turns downwards along the infcro-lateral 
aspect of the fourth ventricle and then it runs laterally into the vallecula of the 
cerebellum where it ends by dividing into a medial and a lateral branch. The 
medial branch runs backwards between the inferior vermis and the cerebellar hemisp- 
here and supply both of them. The lateral branch runs to the lower surface of the 
cercheWar hemisphere and ends by anastomosing with the anterior inferior cere- 
bellar and the superior cerebellar branches of the basilar artery. 

The trunk of the posterior inferior cerebellar artery supplies branches to the 
choroid plexus of the fourth ventricle and to the medulla oblongata. Some of the 
branches to the medulla supply the nuclei of the vagus, accessory and the glosso- 
pharyngeal nerves and to the spinothalamic tract, the spinal tract of the trigemini! 
and the vestibular roots of the stato-acoustic nerve. A special branch also supplies, 
the dentate nucleus of the cerebellum. 


Development. The first part of the vertebral artery develops from the dorsal branch of thesevea 
cervical intersegmenta! artery. The second part arises from the post-costal longitudinal anastomW 
connecting the upper six cervical intersegmental arteries whose stems of origin from the doml Mr-* 
undergo regression. The spinal branch of the first cervical intersegmental artery enlarges to fo 


uuuvrtu regression. 1115 spinal uranen 01 me ursi cervical liucrseumcnuu artery *** ; . 

ih.rd part of the vertebral artery and the pre-neural anastomosis of this spinal branch forms tnejeem 
part of the vertebral artery. 

Anomalies. The vertebral artery shows variations in respect of its origin, course, terrain**'® 
and in providing branches. ' 

The right vertebral artery may arise from the arch, descending aorta or from the common «*<>(«• 
The left vertebral artery may also arise from an intercostal artery. The vertebral artery may a 
have double origin, one from the subclavian and one from either the arch of the aorta or from tnc i - 
ferior thyroid artery. , . 

The \ertcbral artery instead of entering into the foramen transversarium of the sixth cerv.C" 
tebra may pass tluough the foramen transversarium of any of the upper cervical vertebrae. 
enter the vertebral canal along with the second cervical nerve; before reaching the atlas it may “V 
into two branches, one enters the vertebral canal along with the second cervical nerve, and tae o 
takes the usual course; the branches usually reunite again in the vertebral canal. . . ^ 

One of the vertebral arteries may end in a small terminal branch or its cranial continuation nw? 
be very small. , 

The inferior thyroid and the superior intercostal arteries may occasionally arise from the verte 
artery. 

The basilar artery is formed by the union of the two vertebral arteries 
at the lower border of the pons opposite the median plane and extends up to t 
upper border of the pons where it ends by dividing into two posterior cerebr 
arteries. It is so named because it occupies imposition at the base of the sfeui • 
It runs in the cistema pontis on the ventral surface of tlie pons where it occupies 
shallow median groove. At its origin it lies between the two abducent nerves ana 
at its termination it lies between the two oculomotor nerves. i “ , 

k h*. Dev «h>P n >* n ri The basilar artery develops from the fusion of the two enlarged spins! brand*”* 
f <« (pre-neural anastomoses) of the first cervical intersegmental artery. 

Anomalies. The lumen of the basilar artery may be completely divided into two; apart of t- j 
basilar artery may be spin into two. The basilar artery, instead of dividing into two posterior «re«™ 
arteries, may be continued into a single posterior cerebral artery and the other posterior cerebral at * 
is supplied by the enlarged posterior communicating artery in such cases. 


Branches: 

(l| Anterior inferior cerebellar.^’”'* (4) Superior cerebellar. ' 

(2) Labyrinthine (Internal auditory), (5) Posterior cerebral. 

(3) Pondne. 
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Fig. 610. The base of the brain showing the basilar artery. 

With the kind permission from Lederle Laboratories — drawn by Mr, Paul Peek. 

Labyrinthine {Internal auditory) artery. It may arise either from the basilar artery 
or from the an tcro- inferior cerebellar artery. It forms a long, slender branch 
which accompanies the seventh and the eighth nerves and enters into the internal 
acoustic meatus along with them. Then it enters into the internal ear and ends 
by supplying it- 

Pontine branches. These are a number of small branches which arise from 
the front and the sides of tire basilar artery and end by supplying the pons and tin* 
adjoining part of the brain. 

Superior cerebellar arteries. They are two in number, one on each side and each 
arises from the side of the basilar artery just behind its terminal branches. It rum 
laterally below the oculomotor nerve which intervenes between it and the posterior 
cerebral artery and then it winds round the cerebral peduncle and finally, gains the 
superior surface of the cerebellum where it ramifies Into brandies and finally ends 
bv anastomosing with the inferior cerebellar arteries. 
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Posterior fere bra l arteries. They arc the terminal branches of the basilar artery 
and are situated one on each side of the upper end of the pons. Each Artery , 
runs backwards and laterally in parallel with the superior cerebellar artery; the 
oculomotor nerve intervenes between the two arteries at their origin. It rcctira 
the posterior communicating branch of the internal carotid artery and then wait 
round the lateral aspects of the cerebral peduncles and finally reaches the tentorial 
surface of the cerebral hemisphere and ends by dividing into branches which supply 
the occipital and the temporal lobes. The branches of the posterior cerebral artery 
arc arranged into central and cortical sets. 

Central branches. These branches are arranged into three sets, postero- 
lateral, posteromedial, the posterior. 

Tile posterolateral branches supply the cerebral peduncles, the pineal, 
quadngcminal and the medial geniculate bodies and the posterior pan of the 
thalamus. They arise from the posterior cerebral artery as it winds round the 
cerebral peduncle. • i 

The posteromedial central branches are several small arteries which arise 
from the posterior cerebral artery close to its origin from the basilar artery. These 
branches along with the similar "branches from the posterior communicating artery 
pierce through die posterior perforated substance and end by supplying the lateral 
wall of the third ventricle, the globus pallidus of the lentiform nucleus and the 
ventral parts of the thalamus. 

The posterior choroid branches supply the choroid plexuses of the third 
and the lateral ventricles and the fornix. They form about three or four bran- 
ches, one or two of which pass laterally over the lateral geniculate body and gau> 
access to the posterior part of the inferior horn of the lateral ventricle through 
the lower part of the chorioidal fissure, and the other branches enter into the 
chorioidea of the third ventricle through the upper part of the chorioidal fissure. 

Cortical branches. The cortical branches are occipital, parieto-occipio' 
and the temporal. 

The occipital branches supply the cuneo-lingual gyri on the medial suna« 
and the posterior part of the occipital lobe on the superolateral surface of the cerebral 
hemisphere. 

The parietooccipital branches supply the cuneus and the precuneus on the - 
medial surface of the cerebral hemisphere. , 

The temporal branches supply the gyri on the inferior aspect of the tempos 3 ' 
lobe of the cerebral hemisphere. 

Thyrocervical trunk. It is a short arterial trunk arising from the front d . 
the first portion of the subclavian artery close to the medial margin of the scaleraf 
anterior and immediately after its origin it ends by dividing into inferior tftytt>«*» 
transverse cervical and suprascapular branches. 

Inferior Thyroid Artery. After its origin from the thyrocervical trunk 11 
runs upwards in Front of the medial margin of the scalenus anterior for a short dbtance 
and then passes medially to cross in front of the vertebral vessels and behind tne 
carotid sheath and the middle cervical sympathetic ganglion. Then it descen^ 
downsvards on the longus cervicis muscle to reach the lower part of the lateral tobc 
of the thyroid gland. Immediately before it reaches the thyroid gland it I 
lies behind the recurrent laryngeal nerve but the nerve may cross in front of it © 
may lie in between its branches. 

Branches : 

(1) Muscular. (4) Tracheal. 

(2) Ascending cervical. (5) Oesophageal. 

(3) Inferior laryngeal. (6) Glandular. 

Muscular branches. They supply the inferior belly of the omohyoid, stem®* 
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hvoid, sternothyroid, longus cervicis and the inferior constrictor muscle of the 
pharynx. 

Ascending cervical. It arises from the inferior thyroid artery as it ascends 
upwards in front of the transverse processes of the cervical vertebrae and lies in 
between the scalenus anterior and the longus capitis muscle. In its course upwards 
it runs parallel to the phrenic nerve and supplies muscular and spinal brandies. It 
ends by anastomosing with the vertebral, occipital, ascending pharyngeal and then 
deep cervical arteries. 



Inferior laryngeal artery. It accompanies the recurrent laryngeal nerve and 
:nters the larynx deep to 'the lower border of the inferior constrictor muscle of the 
iharynx. In its course it supplies the muscles and the mucous membrane of the 
arynx and ends by anastomosing with the fellow of its opposite side and also with 
he superior thyroid artery. 

Tracheal branches. They are distributed to the trachea and anastomose below 
.vith the bronchial artery. 

Oesophageal branches. They are distributed to the oesophagus and end by 
mastomosing with the oesophageal branches of the descending thoracic aorta. 7 

Glandular branches . The glandular branches consist of ascending and. 
inferior branches which supply the postero-inferior part of the thyroid gland* **' N 
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end by anastomosing with the fellow of the opposite side and with the superior 
thyroid artery. The ascending branch also supplies the parathyroid gland. 

Transverse Cervical Artery. After its origin from the inferior thyroid 
artery it passes transversely across the floor of the posterior triangle to reach the 
anterior margin of the levator scapulae where it divides into superficial and deep 
branches. In its course it crosses in front of die scalenus anterior, the phrenic nervt . 
and the brachial plexus of nerves and is placed at a higher level than the supras- 
capular artery. It is covered by die skin, superficial fascia, platysma and the deep 
fascia and to a small extent by the sternomastoid. 

The superficial branch ascends upwards under cover of the anterior part of the , 
trapezius and ends by anastomosing with die superficial branch of the ramus da- 
ccndens of die occipital artery. In its course it supplies the adjacent muscles and the 
deep cervical lymph glands. 

The Jap branch runs under cover of the levator scapulae to reach the superior 
angle of the scapula from where it descends along its vertebral border under cover 
of the rhomboids and readies its inferior angle. In its course it anastomoses with 
the suprascapular, subscapular and the posterior intercostal arteries. It supplies . 
the trapezius, latissimus dorsi and the rhomboids. 

Suprascapular Artery. It lies at a lower level than the transverse ceniol 
artery and runs downwards and laterally behind the sternocleidomastoid and the 
external jugular vein and in front of the scalenus anterior, phrenic nerve and the 
brachial plexus of nerves. Then it runs transversely across the upper part of the 
posterior surface or the clavicle and crossing die terminal portion of die subclavian 
vessels it reaches the lateral end of the superior border of the scapula under oner 
of the trapezius and enters the supraspinous fossa by passing over the supraspinous 
ligament which separates it from the suprascapular nerve. In this situation it lies 
deep to the supraspinatus and then winds round the spinoglenoid notch deep to 
the spinoglenoid ligament and reaches the infraspinous fossa. In the infraspinous 
fossa it anastomoses with the scapular circumflex artery and the deep branch ta 
the transverse cervical artery. In the supraspinous fossa it also anastomoses vita 
preceding arteries. As it crosses over the suprascapularligamcnt it supplies a bmncO 
to the subscapular fossa where it anastomoses with the subscapular artery and the 
deep branch of the transverse cervical artery. Besides the above branches it 
provides acromial and sternal branches. The acromial branch becomes subcutane- 
ous by piercing the trapezius and supplies the skin over the acromion process an 
ends by anastomosing with the acromial branch of the acromiothoracic artery- . 
The sternal branch ends by supplying the skin over the sternal end of the clavicle- 

Costocervical trank. The costocervical trunk arises from the P° s * eI ^ r 
aspect of die second portion of the subclavian artery on the right side. On tn - 
left side the costocervical trunk arises from the first part of the subclavian artc P’ 

It runs backwards over the cervical dome of the pleura and dicn descends 1 *°J“L 
neck of the first rib where it ends by dividing into superior intercostal and deep 
cervical arteries. 

Superior intercostal artery. The superior intercostal artery descends 
downwards in front of the necks of the first and the second ribs and then anastomW 
with the diird posterior intercostal artery. In its course downwards, it, at firs *> *’ 
medial to the anterior primary ramus of die first thoracic nerve, and then ert®” 
in front of H and lies on die lateral side of the first thoracic sympathetic gnngiio?- , 
In the first intercostal space it gives out the first posterior intercostal artery a®" 
die second space it joins with a branch from die third posterior intercostal artery, 
and gives out the second posterior intercostal artery. 

Deep cervical artery. It runs backwards above the eighth cervical 
and between the transverse process of the seventh cervical vertebra and die nccR 
the first rib and then ascends upwards between the semispinalis capitis et ccrv'ic 
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upto the level of the second cervical vertebra and finally ends by anastomosing with 
the descending branch of the deep division of the occipital artery and with the 
branches of the vertebral artery. In its course it supplies the adjacent muscles. 

internal thoracic (mammary) artery. Course. The internal thoracic 
artery arises from the inferior aspect of the first portion of the subclavian artery. 
From its origin it passes downwards, forwards and medially and enters the thorax 
behind the sternoclavicular articulation. In the thorax it descends vertically 
downwards behind the cartilages of the upper ribs and lying at a distance of about 
half an inch lateral to the sternum. Reacting the lower border of the sixth inter- 
costal space it ends by dividing into musculophrenic and superior epigastric arteries. 

Relations . Anteriorly it is covered by pectoralis major muscle, cartilages of the 
upper six ribs, external intercostal membranes and the internal intercostal muscles. 
As it enters the thorax it passes behind the sternal end of the clavicle, the internal 
jugular and innominate veins and the first costal cartilage and is crossed by the 
phrenic nerve from lateral to medial side — the nerve usually passing in front of the 
artery- In the thorax it is crossed transversely by the anterior cutaneous nerve 
of the upper six intercostal spaces. 

Posteriorly and below, it is separated from the lungs and pleura by the stemo- 
costalis muscle and higher up by a thick fascia. 

On each side, it is accompanied by a vein and some lymphatics, opposite the t 
level of the third costal cartilage the veins unite to form a single vein which lies on the * 
medial side of the artery and opens into the innominate vein. 

Branches t 

(1) Anterior intercostal. (6) Thymic. 

(2) Perforating. (71 Mediastinal. 

(3) Pericardiaco-phrenic. (8) Superior epigastric. 

(4) Sternal. (9) Musculophrenic, 

(5) Pericardial. 

Anterior intercostal. 'SThe anterior intercostal branches of the internal 
mammary artery supply upper six intercostal spaces. In each intercostal space 
there are two branches — one passes laterally along the upper border of the lower 
rib while the other passes along the lower border of the upper rib. They end by 
anastomosing with the posterior intercostal arteries. At first they lie between the 
pleura and the intercostal muscles and then between the intercostalis intimi and the 
intercostalis intemus. 

Perforating. The perforating branches will be found in the upper six inter- 
costal spaces and each pierces the intercostal muscles, and accompanying the anterior 
cutaneous nerve pierces the pectoralis major and the deep fascia. In case of 
female the branches from the second, third and fourth spaces arc comparatively 
large and supply the mammary gland. 

Pericardiaco-phrenic . It is a long_ slender artery which accompanies the 
phrenic nerve and descends downwards in between the pleura and the pericardium 
to reach the diaphragm where it ends by anastomosing with the musculophrenic 
and the phrenic arteries. It supplies the pleura, pericardium and the diaphragm. 

Sternal. They arc small branches which supply the stemocostalis muscle 
and the back of the sternum. 

Pericardial. These are small branches which supply the anterior aspect 
of the pericardium. 

Thymic . It supplies the remains of the thymus gland. 

Mediastinal. These arc small branches which are distributed to the mediasti- 
num. 

Superior epigastric. It is one of the terminal branches of the internal mam- 
mary artery and descends downwards into the rectus sheath through the gap between 


the xiphoid slip and the costal slip (that on the seventh costal cartilage) of the 
diaphragm . it at first lies on the stcmocostalis and then on the transversus abdominis 
anti in die rectus sheath, it passes downwards through the fibres of the rectus abdo- 
minis and ends by anastomosing with the inferior epigastric branch of the external 
iliac artery. In its course in the rectus sheath it provides branches which pierce the 
muscle and fascia and arc distributed to the anterior abdominal wall. It provides 
a branch in front of the xiphoid process which anastomoses with the fellow of its 
opposite side. On the right side a small branch accompanies the falciform ligament 
of the liver and ends by anastomosing with the hepatic artery. It also supplies a 
few twigs to the diaphragm. ^ 

Musculophrenic. It is the lateral terminal branch of the internal thoracic 
artery and arises from the same opposite the sixth intercostal space. It runs obliquely 
downwards and laterally behind the cartilages of the seventh, eighth and ninth ribs * 
and then pierces the diaphragm muscle. Before it pierces the diaphragm it gives 
out anterior intercostal branches for the seventh, eighth and ninth interspaces and 
is distributed in the same manner as the other anterior intercostal arteries. In 
its course through the diaphragm it anastomoses with the phrenic, lower two posterior 
intercostal and with the ascending branch of the deep circumflex iliac artery-. 

—Axillary artery. Origin. It is the direct continuation of the subclavian 
artery. 

Extent. It begins from the outer border of the first rib and extends to the 
lower border of the insertion of the teres major. 
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Fig. 612. The brachial plexus of nerves with the axillary vessels. 

The axillary vein has been partly removed. 

From the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission 
from the Prof, of Anatomy. 

Divisions. The peetoralb minor muscle crosses in front of it and divides it 
into three parts— first part lying proximal to the pectoral is minor, the second part 
lying behind the pectoralis minor and the third part lying distal to it. 
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First part of the axillary artery. The first portion of the axillary artery 
extends from the outer border of the first rib to the upper border of the pectorals 
minor muscle. 

Anterior relations. It is covered in front by the skin, superficial fascia, the supra* 
clavicular nerves, deep fascia, clavicular fibres of the pectoralis major muscle, 
clavipectoral fascia, the loop of communication between the lateral and medial 
pectoral nerves, and the structures piercing the clavipectoral fascia, i.e. } the cephalic 
vein, acromio-thoracic vessels and the lateral pectoral nerve. 

Posterior relations. It lies upon the first intercostal space and the first digitation 
of the serrptus anterior and is in relation to the medial cord of the brachial plexus 
and the medial pectoral nerve. 

Laterally. The lateral and the posterior cords of the brachial plexus lie on its 
lateral side. 

Medially. It is related to the axillary vein. 

Second portion of the axillary artery. The second portion of the axillary 
artery is more deeply seated and corresponds to that portion which lies under cover 
of the pectoralis minor muscle. 

Relations: Anteriorly. It is related to the skin, superficial fascia, deep fascia, and 
the pectoralis major et minor muscles. 

Posteriorly. It is related to the posterior cord of the brachial plexus and the 
subscapularis muscle. 

Laterally. It is related to the lateral cord of the brachial plexus and medially 
to the medial cord of the brachial plexus and the axillary vein. 



Fig. 613. The ventral aspect of the humero-scapular region. The subscapularis muscle, 
veins and some of the branches of the brachial plexus of nerves have been removed. 
From the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission from the 
Prof, of Anatomy. 
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Third part of the axillary artery. It begins from the lower border of- 
thc pectoralis minor as a continuation of its second part and descends successively 
on the subscapularis, latissimus dorsi and the teres major and reaching the lower 
border of the latter it is continued downwards as the brachial artery. 

Its loner part is superficial being covered only by the skin and the fascia but 
its Upper part is overlapped by the pectoralis major. Laterally it is related to the 
lateral root of the median, musculocutaneous nerve and the coracobrachialis 
muscle. Medially it is related to the axillary vein and intervening between die two 
arc die medial cutaneous nerve of the forearm anteriorly and the ulnar nerve 
posteriorly. Posteriorly it is related to the muscles on which it descends and to die 
radial and the circumflex nerves. 

Branches : 

(1) Superior thoracic — From the first part. 

(2) Thoraco-acromial (Acromiothoracic) | ~ , , 

(3) Lateral thoracic. } From ,hc sccond 1" L 

(4) Anterior humeral circumflex. 

(5) Posterior humeral circumflex. [ From the third part. 

(6) Subscapular. ) 

Development. The axillary artery w the proximal portion of the axial artery of the upper limb 
and is in direct continuation of the seventh inters cgmcntal artery. 

Anomalies. The anomalies affecting the axillary artery are mostly confined to its branches; 
its course or origin does not vary much but it may have abnormal relation with the axillary arch when 
present; the axillary arch connects the latissimus dorsi with the pectoralis major and may be cither 
fleshy or tendinous; in its course the arch passes superficial to the distal part of the axillary artery- 

The subscapular, anterior and posterior circumflex humeral arteries and the arteria profunda 
bvachii may arise hy a common stem; when this common stem is present the branches of the brachial 
plexus of nerves surround it instead of the axillary artery proper, llie axillary artery may occasionally 
divide into ulnar and radial arteries; the posterior circumflex humeral artery’ to ay occasionally arise 
from the artena profunda brachii and runs backwards behind the teres major instead of passing through 
the quadrangular space. The common interosseous artery may also arise from the axillary artery. 

Superior thoracic artery. It arises from the first part of the axillary artery opposite 
the lower border of the subclavius and descends on the thoracic wall along the upper 
border of the pectoralis minor. It supplies the adjacent muscles and ends by 
anastomosing with the branches of the internal thoracic and intercostal arteries. 

Thojaco-acromial (AcrDmiothoTacic) artery. It is a short trunk which arises 
from the anterior aspect of the second portion of the axillary artery and after pierc- 
ing the davipectoral fascia at once splits up into four branches, pectoral, deltoid, 
clavicular and the acromial. The pectoral branch runs downwards in between the 
pectoralis major et minor, supplies these muscles and the mammary gland and then 
ends by anastomosing with the anterior intercostal branches of the internal thoracic 
artery and the lateral thoracic artery. The deltoid branch often arises by a common 
trunk with the acromial branch and passes laterally in front of the insertion of the 
pectoralis minor and then accompanying the cephalic vein it runs in the groove 
between the deltoid and the pectoralis major and ends by supplying these muscles. 
The clavicular branch passes upwards and medially towards tiie sternal end of die 
clavicle behind, the clavicular fibres of the pectoralis major and ends by supplying 
the sternoclavicular articulation and the subclavius muscle. The acromial 'branch 
usually arises by a common trunk with the deltoid branch and passes upwards fend 
laterally by crossing in front of the coracoid process and lies under cover of die 
deltoid. Finally it pierces the deltoid and reaches the acromial process of the 
scapula where it anastomoses with the transverse cervical, posterior humeral cir- 
cumflex and the suprascapular arteries. 

Lateral thoracic artery. It arises from the second part of the axillary artery and 
descends on the thoracic wall along the lower border of the pectoralis minor and 
supplies the adjacent muscles. In the female it gh cs out the external mammary branch 
which supplies the breast. In its course it anastomoses with the internal thoracic 
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(mammary), subscapular, intercostal arteries and with the pectoral branch of the 
thoraco-acromial (acromiothoracic) artery'. 

JtJ}. In case of lies lure of the first part of the axillary artery collateral circulation will be maintai- 
ned as in the ligature of the third part of the subclavian artery. The following would be the mode of 
circulation : 


(1) Transverse cervical and suprascapular arteries from the thyrocervical 
trunk of the subclavian artery' anastomose with the subscapular branch of the third 
part of the axillary artery. 

(2) Internal thoracic 
(mammary’) branch of the 
subclavian artery anasto- 
moses with the lateral 
thoracic, superior thoracic 
and suhscapular arteries. 

(3) A few small 
brandies from the sub- 
clavian artery pass 
through the axilla and 
anastomose with the axi- 
llary artery or some of its 
branches. 

In case of the ligature 
of the second part of the 
axillary artery between 
the origins of the tho- 
raco acromial (acromio- 
thoracic) and the lateral 
thoracic arteries the co- 
llateral circulation will be 
maintained by the annsto- 
mosisformed between the 
suhscapular anery^_and 
the suprascapular and 
transverse cervical arte- 
ries, and 'between the 
lateral thoracic and the 
internal thoracic (mam- 
mary) and intercostal 
arteries. 

In ease of ligature of 
the third part of the 
axillary artery below _ the 
suhscapular artery the co- 
llateral circulanon will be 
maintained through the 
subscapular and the ante- 
rior and posterior hume- 
ral circumflex arteiies 
anastomosing with the 
branches of the artcria 
profunda brachii. 



Anterior humeral circumflex artey. It arises from the lateral side of the 
third part of the axillary artery at the lower border of thesubscapularisand then passes 
to the surgical neck of the humerus behind the common tendon of coracobrachialis 
and the short head of the biceps brachii. Opposite the intertubercular sulcus it 
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provides an ascending branch which supplies the shoulder joint. It then passes 
forwards under cover of the deltoid muscle and ends by anastomosing with the 
posterior humeral circumflex artery. 

Posterior humeral circumflex artery. It Is larger than the preceding artery 
and arises from the third p3rt of the axillary artery at the lower bonier of the subs- 
capularis muscle. It passes backwards in the quadrangular space in company with 
the axillary (circumflex) nerve and winds round the surgical neck of the humenis 
and ends by anastomosing with the anterior humeral circumflex artery'. In its 
course it supplies the shoulder joint and the adjacent muscles and anastomoses with 
the subscapular and the thoraco-acromial (acromiothoracic) arteries. 

Subscapular artery. It arises from the lower part of the third part of the 
axillary’ artery opposite the low’er border of the subscapularis and as it descends 
downwards to the intermuscular gap between the subscapularis and the teres major 
et latissimus it crosses in front of the axillary (circumflex) nerve and behind the radial 
nerve and then divides into three brandies — one passes to the subscapularis musde, 
one to the latissimus dorsi and the other through the triangular space as the scapular 
circumflex artery tvhieh passes to the infraspinous fossa. Its terminal twig passes to 
the inferior angle of the scapula where it anastomoses with the lateral thoracic, 
intercostal and the deep branch of the-transversc- cemcaL.arterics. In the lower 
part of its course it b accompanied by the nerve to the latissimusjo/si. 



Fig. 615. The right cubital fossa to show the relations of the terminal portion of the brachial artery- 
From the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission from 
the Prof, of Anatomy. 

..^/Brachial artery, course. The brachial artery b the direct continuation of the 
axillary artery and begins from the lower border of the teres major and ends by divid- 
ing into ulnar and radial arteries in the cubital fossa about half an inch below’ the 
bend of the dbow joint. At first it lies on the medial side of the arm but from the 
lower part of the arm it gradually inclines forwards to reach the front of the elbow 
joint where it is placed midway between the two humeral epicondyles. 
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Relations. The artery is superficial throughout its entire extent and is covered 
superficially by the skin and the superficial and the deep fasciae. It lies successively 
upon the long and the medial heads of the triceps, insertion of the coracobrachialis 
and the brachialis muscle. It is in direct contact with all the muscles enume- 
rated above except the long head of the triceps which is separated from it by the 
radial nerve and the profunda vessels. The median nerve crosses either super- 
ficial or deep to the vessels from lateral to the medial side opposite the insertion 
of the coracobrachialis. Laterally and above, it is related to the median nerve and the 
biceps brachii muscle: laterally and below , it is related to the biceps brachii. Medially 
and above , it is related to the basilic vein but is separated from it by the medial 
cutaneous nerve of the forearm in front and the ulnar nerve behind. Medially and 
below, it is related to the median nerve and is separated from the basilic vein by the 
deep fascia. In the cubital fossa it lies in between the tendon of the biceps laterally 
and the median nerve medially, and is covered by the bicipital aponeurosis which 
separates it from the median cubital vein. It gives out the following branches : 

Branches : 

(1) Arteria profunda brachii. 

(2) Superior ulnar collateral. 

(31 Nutrient. " 

(4) Inlerior ulnar collateral (supratrochlear). 

(5) Muscular. 

(6) Ulnar, * 

(7) Radial. 

Development. The brachial artery represents the axial artery of the upper limb and is Conti- 
nuous with the seventh intenegroentad artery. 

Anomalies. The brachial artery may arise as two branches which reunite near the bend of the 
elbow. It may terminate in the usual position into three branches, ulnar, radial and common inter- 
osseous, instead of usual two, ulnar and radial. Alternatively it may also terminate to the radial and the 
common interosseous arteries. The brachial artery may divide high up in the arm, more often in the 
proximal third of the arm. The brachial artery may occasionally be buned in the substance of the 
pronator teres near its termination, and higher up in the arm, it may be concealed by the supracondylar 
process and the fibrous band that extends from it to the medial epicondyle. In case of high division, 
the radial artery may be superficial lying beneath the skin in the forearm and under the deep fascia in 
the arm. 

Arteria profunda brachii . The arteria profunda brachii is a short stout branch 
from the brachial artery arising from it about one inch below the lower border of 
the teres major muscle. It runs medially and backwards between the long and the 
medial heads of the triceps and accompanying the radial nerve reaches the spiral 
groove where it is overlapped by the la teral head of the triceps muscle. In the 
spiral groove it breaks up int o two main branches ^- anJgfsrTRalrposlerior descending, 
and several smaller branches. The anteparltesceruhng branch accompanying the radial 
nerve pierces the lateral intermmpriSr septum and then descends in front of it to 
reach the front of the lateral Vfncondyle where it ends by anastomosing with the 
radial rec urrent _bm i rl i nf ra din 1 n rt*rv. The posterior descending branch descends on 
the back of the lateral intermuscular septum to reach the back of the lateral epicon- 
dyle where it ends by anastomosing with the interosseous recurrent branch of the 
posterior interosseous artery. The smaller branches dnhe arteria profunda braefm 
are the muscular, nutrient and ascending. Th€~asccnding branch runs upwards and 
joins in the cruciate anast omosis arourid jh e su rgica 1 neck offhe humerus. 

Superior ulnar collateral: It arises from the brachial artery opposite the insertion 
of the coracobrachialis and accompanying the ulnar nerve it pierces the medial 
intermuscular septum and then descends with the same nerve through the posterior 
compartment of the arm to reach the interval between the medial epicondyle and 
the olecranon. Then under cover of the flexor carpi ulnaris it ends by anastomosing 
with the posterior ulnar recurrent and with the posterior branch of the inferior 
ulnar collateral (supratrochlear) artery. Sometime it also provides an anterior 
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branch which anastomoses with the anterior ulnar recurrent artery ’in front of the 
media! epicondyle. 


IAT1S5IMUS POKSI 



IE. 616. Tbe postero-latcral aspect of the right arm. The spiral groove is exposed after remoung 
the lateral head of tricep*. 

From the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission from 
the Prof, of Anatomy. 

Nutrient artery. It arises from the medial aspect of the brachial artery below 
ie insertion of the coracobrachial is and soon enters into the nutrient canal through 
te nutrient foramen of the humerus. It is usually very tortuous before it enters 
\to the nutrient canal and this tortuosity prevents it from being tom during active 
tuscular movement and also prevents the blood pressure of the artery to be altered 
uring muscular movement. 

Inferior ulnar collateral (supratrochlear! artery. It arises from the brachial 
rtery about two inches above the elbow joint and runs downwards and medially 
\ front of the brachialu and behind the median nerve and then divides into anter- 
>r and posterior branches. The posterior branch is larger than the anterior 3nd it 
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readies the posterior compartment by piercing the medial intermuscular septum and 
divides into two branches. One branch passes laterally above the olecranon fossa 
and anastomoses with the posterior descending branch of the arteria profunda 
brachii to form an arterial arch above the olecranon fossa, and the other descends 
behind the medial epicondyle where it anastomoses with the ulnar collateral and'the 
posterior ulnar recurrent arteries. The anterior branch descends in front of the medial 
epicondyle and ends by anastomosing with the anterior ulnar recurrent artery. 

Muscular branches. Three to four muscular branches arise from the brachial 
artery in the arm and they supply the muscles of the anterior compartment of the 
arm namely, the brachialis, biceps brachii and the coracobrachialis. 


A. B. In case or ligature of the brachial artery below the origin of the arteria profunda 
brachii. collateral circulation is efficiently maintained through the anastomosis around the elbow joint. 

vjMiastomosis around the 
elbow joint. Seven arteries 
take part in the anastomosis 
around the elbow joint and of 
these three are descending 
namely, arteria profunda bra- 
chii, inferior ulnar collateral 
(supratrochlear) and the supe- 
rior ulnar collateral, and four 
arc ascending, viz., anterior 
ulnar recurrent, posterior ulnar 
recurrent, radial recurrent and 
the interosseous recurrent. The < 
anastomosis usually takes place 
in front of and behind the 
medial and the lateral cpicon- 
dyles and also around the 
olecranon fossa and accordingly 
they arc grouped as follows : 

(1) In front of the medial 
epicondyle. Anterior ulnar re- 
current branch of the ulnar 
artery anastomoses with the 
anterior branches of the supe- 
rior and inferior ulnar collateral 
arteries. 

(2) Behind the medial tpicon - 
'dyle. Posterior ulnar recurrent 
branch of die ulnar artery 
anastomoses with the posterior 
branches of the superior and 
inferior ulnar collateral bran- 
ches of the brachial artery. 

(3) In front of the lateral 
epicondyle. Radial recurrent 
branch of the radial artery 
anastomoses with the anterior 
descending branch of the arteria 
profunda brachii. 

(4) Behind the lateral ep icon- 
dyle. Interosseous recurrent 
branch of the posterior inter- 
osseous artery’ anastomoses with the posterior descending branch of the arteria 
profunda brachii. 
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(5) Around the olecranon fossa. Inferior ulnar collateral (supratrochlear) artery 
anastomoses with the posterior descending branch of the arteria profunda brachii 
and with the interosseous recurrent and the posterior ulnar recurrent arteries. 

•^Radial artery. The radial artery is the smaller terminal branch of the bra- 
chial artery and arises from it in the cubital fossa about 1 cm. below the bend of 
the elbow and opposite the neck of the radius. After its origin it traverses through 
the lateral aspect of the forearm from the lower end of which it takes a turn laterally 
and backwards to pass over the lateral aspect of the carpus; and finally it curves 



The front of the right forearm. The flexor carpi radial is and the palmarii Jongus have 
been partially removed. Note the structures on which the radial artery lies posteriorly. 
From the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission from 
the Prof, of Anatomy. 
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medially to enter into the palm where it anastomoses with the deep branch of the 
ulnar artery to complete the formation of the deep palmar arch. Thus the radial 
artery may be discussed under three heads, radial artery in the forearm, in the 
wist and in the palm. 

Radial artery in the forearm. It at first passes laterally and downwards and then 
descends vertically downwards to reach the interval between the prominent anterior 
margin of the lower part of the radius and the tendon of the flexor carpi radialis. 
Then it curves laterally behind the tendons of the abductor pollicis longus and the 
extensor pollicis brevis to enter into the wrist. 

Relations. In the forearm, posteriorly it lies successively upon the tendon of 
the biceps brachii, supinator, insertion of the pronator teres, radial origin of the 
flexor digitorum superficialis (sublimis), flexor pollicis longus, pronator quadratus 
and the lower end of the radius. Anteriorly in the upper-third of the forearm it is 
overlapped by the brachioradialis but in the lower two-thirds it is covered by the 
shin, superficial fascia and the deep fascia. ( Above the wist joint the terminal part 
of the lateral cutaneous nerve of the forearm lies in front of it. Laterally , throughout 
the whole length it is related to the brachioradialis. The radial nerve at first is 
separated from its lateral side by a considerable distance but opposite the middle- 
third of the forearm it forms immediate lateral relation to it. About 7 cm. above 
the wrist joint the radial nerve quits the artery and passes to the back of the forearm 
under the tendon of the brachioradialis. Medially it is related to the pronator teres 
in the upper-third and to the flexor carpi radialis in its lower-third. 

In the forearm it gives out four branches, radial recurrent, muscular, superficial 
palmar and the anterior carpal. 

(c) Radial recurrent artery. It arises from the lateral side of the radial artery and 
forming an arch with a convexity downwards and laterally it ascends upwards under 
cover of the medial margin of the brachioradialis to reach the front of the lateral 
epicondylc where it ends by anastomosing with the anterior descending branch of the 
arteria profunda brachii. 

(f>) Muscular. Numerous muscular branches arise from the artery and supply 
the adjacent muscles. 

(c) Palmar (anterior) carpal. It is a small artery which arises from the medial 
side of the radial artery betow the lower border of the pronator quadratus and passes 
medially beneath the flexor tendons to join in the anterior carpal anastomosis. 

(A) /iftlman J t arises from the radia) artery below the /ulmar /an- 

terior) carpal artery and descends downwards either superficial to the thenar mus- 
cles or passes through them to the palm where it anastomoses with the ulnar artery 
to complete the superficial palmar arch. It may end by supplying the thenar 
muscles and may not join the ulnar artery to form the arch. 

Radial artery in the wrist : Course. From opposite the front of the lower end of 
the radius, the radial artery curves backwards behind the abductor pollicis longus 
‘and extensor pollicis brevis and reaches the back of the proximal part of the first 
intermetacarpal space where it dips in between the two heads of the first dorsal 
interosseous muscle and enters into the palm of the hand. 

Relations, As it curves backwards it lies in between the lateral ligament of the 
wrist joint and the tendons of the abductor pollicis longus et extensor pollicis brevis. 

In the anatomical snuff-box it lies on the scaphoid and the trapezium and is crossed 
by the origin of the cephalic vein, digital branches of the 'radial nerve to the thumb 
and the extensor pollicis longus tendon. The a natomical snuff-box is bounded in 
front by the abductor pollicis longus et extensor pollicis brevis and medially by the 
extensor pollicis longus. The floor is formed by the lateral ligament of the wrist 
joint connecting scaphoid and the trapezium. It is superficial in this situation being 
covered only by the skin and the fasciae. 
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Branches of the radial artery in the wrist : 

(1) Dorsal (posterior) carpal. 

(2) First dorsal metacarpal. 

Dorsal (posterior) carpal artery. It arises from the radial artery in the -wrist 
in the anatomical Snuff-box’ deep to the extensor tendons. After its origin it 
passes medially across the dorsum of the carpus deep to the extensor tendons of the 
mesial four digits, aud finally reaching the medial extremity of the carpus it ends 
by anastomosing with the dorsal carpal branch of the ulnar artery to form the 
dorsal carpal arch. It is also joined by the anterior and posterior interosseous arte- 
ries from above. 

The dorsal carpal arch gives origin to the medial three dorsal metacarpal orients 
(the first dorsal metacarpal artery arises directly from the radial artery'), i.c., the 
second, third and fourth dorsal metacarpal arteries. Each of these dorsal metacarpal 
arteries descends downwards on the corresponding dorsal interosseous muscle and 
reaching the distal end of the corresponding in termeta carpal space each divides into 
two dorsal digital branches which supply the contiguous sides of the digits. Thus the 
second dorsal metacarpal artery supplies the contiguous sides of the index and middle 
fingers, the third supplying the middle and ring fingers while the fourth one supplies 
the ring and the little fingers. Each dorsal digital artery ends distally by anastomos- 
ing with the palmar digital artery. 

Each dorsal metacarpal artery is connected with the deep palmar arch at its 
proximal end by the proximal perforating artery from the deep palmar arch; at its dis- 
tal end, just before its bifurcation into two dorsal digital arteries it communicates 
with the corresponding palmar digital artery' from the superficial palmar arch 
through the distal perforating artery. 

First dorsal metacarpal artery. It lies on the first dorsal interosseous muscle and 
arises from the radial artery' just before it enters into the palm of the hand between 
the two heads of the first dorsal interosseous muscle. After a short course it divides 
into two collateral branches which supply the contiguous sides of the thumb and in- 
dex fingers. 

Radial artery in the hand. The radial artery enters the palm between the two 
heads of the first dorsal interosseous muscle and then passes transversely across the 
palm deep to the adductor pollicis muscle and finally reaching the base of the fifth 
metacarpal bone it ends by anastomosing with the deep branch of the ulnar artery 
and completes the deep palmar arch. 

Branches : 

(1) Arteria princcps pollicis. 

(2) Arteria radiala indicia. 

Arteria prinetps pollicis. It arises from the radial artery as the latter turns media- 
lly to enter into the palm or the hand. It descends downwards on the palmar aspect 
of the first metacarpal bone lateral to the first palmar interosseous muscle lying deep 
to the oblique head of the adductor pollicis. Reaching the base of the proximal i 
phalanx it divides into two branches which supply the palmar aspect of the thumb. 

Arteria radialis indicts . It arises from the radial artery as it enters into the palm. 
It may, however, take its origin from the arteria princeps pollicis. It teaches the 
radial side of the index finger by passing deep to the transverse head of the adductor 
pollicis. At the distal end of the index finger it ends by' anastomosing with the 
palmar digital artery supplying the medial side of the index finger. 

_/t)eep palmar arch. The deep palmar arch is formed by the anastomosis of 
the' terminal portion of the radial artery and the deep branch of the ulnar artery. 
It is about 1 J inches long and extends from the base of the second metacarpal bone 
to the base of the fifth metacarpal bone. It lies in front of the interosseous muscles 
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and the metacarpal bones close to their bases. It is covered by the skin, superficial 
fascia, palmar aponeurosis, superficial palmar arch, flexor tendons and the adduc- 
tor polliels muscle. 

Branches : 

(1) Palmar metacarpal. They are three in number; they run distally in front of 
the interosseous muscle of the second, third and fourth intermetacarpal spaces and 
end by joining with the digital artery from the superficial palmar arch. 

(2) Perforating branches. They are three in number; they pass backwards 



r»g. 619. The front of the right forearm- The humeral head of the pronator teres and other super* 
ficiat flexors have been renamed. Note the relations of the main vessels and nerves of the forearm. 
From the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission from 
the Prof, of Anatomy. 

45 
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between the two heath of the dorsal intei osseous muscles of the second, third and 
fourth interspaces and end by anastomosing with the dorsal metacarpal arteries. 

(3) Hr current. The recurrent branch ascends upwards to end Into the carpal 
anastomosis. 

Development, The prirvp mrtial arttiy arises from (he axial artery in ihr arm whereas the drfmilux 
rothal artery ari-.es from tile axial artery at the bend of the elbow. Subsequently, the primary radial 
artery tows with the definitive radial artery. At a later date, the primary radial artery retrogresses 
completely hut occasionally it may persist so as to account for the origin of the radial artery from the 
brachial in the arm in some cases 

Aromatics. The radial artery may be absent, its place being taken over by the brandies of the 
ulnar art* rv or its interosseous brandies. It might have higher origin In. the arm. In the iorC3nn tt 
rruv he superficial to the deep fascia instead of deep to it and in the w rist it may cross superficial to the 
< xu nsor tendons instead of deep to them. The arteria princeps poll Iris and radiahs indids branches 
may not ante from the rodial but they may arise from either die superficial palmar arch or f f0m l ' le 
radial dorsal digital artery of the index finger. Its superficial palmar brunch may terminate by supply- 
ing the thenar muscles and may fail to join the superficial palmar arch. 

The deep palmar arch may be absent in raie cases, and when It is absent, its branches are replaced 
b\ either the superficial palmar arch, the \ olar (anterior) carpal arch or by the proximal perfuratirg 
branches of the dorsal metacarpal arteries. 

Ulnar artery. Origin and Course in the forearm. It is the larger terminal branch 
of tlte btachial artery' and begins opposite the neck of the radius half an inch below 
the elbow joint. At first it runs obliquely beneath the superficial flexor muscles to 
reach the medial side of the forearm and then it descends vertically downwards to 
the lateral side of the pisiform bone and enters the palm superficial to the flexor 
retinaculum and then ends by dividing into superficial and deep branches. 

Relations in the forearm — Anteriorly. In the cubital fossa at its origin it is super- 
ficial being covered only by skin, superficial and deep fasciae. Then as it passes 
obliquely to the medial side of the forearm it passes behind the pronator teres, flexor 
carpi radialis, palmaris longtis and flexor digitoriim snperficialis (sublimis). During 
•the rest of its course it is overlapped by the flexor carpi ulnaris muscle. M it passes 
deep to the ulnar head of the pronator teres it is crossed b) the median nerve but is 
separated from it by the ulnar head of the pronator teres. 

Posteriorly. It lies upon the brachialis in the cubital fossa and on the flr-xor 
digitorum profundus during the rest of its course in the forearm. 

Laterally. It is related to the flexor digitorum supcrficialis (sublimis). 

Medially. It is related to the flexor carpi ulnaris throughout its whole extent. 
The ulnar nerve lies medial to it opposite the lower two-thirds of the forearm only. 

Jfranches in (he forearm : 

-^(1) Anterior ulnar recurrent. 

(2) Posterior ulnar recurrent. 

(3) Common interosseous. 

(4) Muscular. 

Anterior ulnar recurrent artery. It arises from the ulnar artery in the cubital fossa 
and ascends upwards between the brachialis and the pronator teres, to the front of 
the medial epicondyle where it ends by anastomosing with the branches of the su- 
perior and inferior ulnar collateral arteries. 

Posterior ulnar recurrent artery. It arises from the ulnar artery as it passes medially 
deep to the superficial flexor muscles and runs upwards, medially and backwatds to 
the back of the medial epicondyle of the humerus. In its course it lies between the 
flexor digitorum profundus posteriorly and the flexor digitorum superliaalis anter- 
iorly and enters the groove on the back of the medial epicondyle by passing between 
the two heads of the flexor carpi ulnaris and lies in. close contact with the ulnar nerve. 
It ends by anastomosing with the superior and inferior ulnar collateral arteries. 

Common interosseous artery. It is a short branch from the ulnar artery' and takes 
its origin a little below the radial tuberosity. It passes backwards to reach the m- 
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peritoneum and erodes in from of the right ureter, right testicular or ovarian \essels 
and the right psoas major muscle. 

The inferior branch of the ileocolic after}* gives out colic, anterior and posterior 
caeca!, ileal ami appendicular branches. The colic branch supplies the ascending 
colon. The anterior ami posterior carca! branches supply the corresponding aspect 
of the caecum. The branch supplies the terminal portion of the ileum. The 
appendicular branch runt dmuttvardt and to the right behind the terminal portion 
of the ileum am! readies the mesentery of the vermiform appendix. It then runs 
in the free border of the mesentery of the vermiform appendix and reaches as far as 
its tip. It is an end art ery and docs tu»t_anaM<»mo*c-with any othenartcrics. , 

v/1?) The right colic artery arises from the middle of the right concave margin 
of the superior mesenteric artery alwve the ihocolic artery' and runs to the right to 
the ascending colon behind the peritoneum and crosses in front of the right ureter, 
right testicular or ovarian \esscls and the right psoas major muscle. At or near the 
ascending colon it divides into ascending and descending branches which anasto- 
mose with the middle colic and the iln>r»Jir artery respectively. 

Sometimes the iliocoHc and the right colir arteries arise by a common trunk or 
it may arise at a higher level anti crosses in front of the second part of the duodenum 
and lii/Inwcr pole of the right kidney licfbrc it reaches the ascending colon. 

Ar) The middle colic artery' arises from the right side of the superior m esenteric 
artery immediate!* below the neck of the pancreas and running downwards and 
forwards in between the two la>rrs of the mesentery it divides into right and l eft 
branrhrs. The right branch anastomoses with the right colic artery - while liricft 
branch passes to the left anti ends by anastomosing with the ascending branch of the 
left colic artery. Together with the left colic artery {ascending branch) it supplies 
the transverse colon. 

, The inferior mesenteric artery supplies the left half of the transverse/ 
colon, descending cqbm, pelvic colon and the greater part of the rectojp. 1 1 arises from 
the front of the abdominal aoryt about l { inches above its bifurcation. It at first 
lies in ftont of the abdominal aorta, then descends dowmvnrt!s"on its left side, and 
opposite the pelvic brim, it crosses in front of the left common iliac artery on the 
right side of the ureter* ’ There it descends downwards into the pelvic cavity in 
between the two lasers of the pels'ic mesocolon and becomes the superior rectal 
artery. 


Btarches : 

Superior left robA^/r) Ascending, (u) Descending^/" 

Q>) Interior left colio^-Two or three in number. 

Superior rectal. 

Development. The interior mesenteric artery is the artery of the hind -gut and u derived from 
the dorsal aorta of which it is a smtrat branch. 

Anomnllrs. The inferior mesenteric artery may be absent and rrplaml by the branches from 
the superior mesenteric artery. Tlir hepatic, renal or the middle colic arteries may occasionally arise 
from die inferior mesenteric artery. 


(n) The superior left colic artery passes to the left and crosses in front 
of the left psoas major, left ureter and left testicular or ovarian vessels and then 
divides into ascending and descending branches. The ascending branch runs 
upwards in between the two layers of the transverse mesocolon and anastomoses 
with the middle colic artery. *■ The descending branch anastomoses with the 
first branch of the inferior left colic artery^^. 

(ft) The inferior left colic artfiy consists of two or three arteries and descend 
downwards in front ol the left psoas major, ureter and testicular or ovarian vessels 
behind the peritoneum and supplies the tlcscendtng colon, pelvic colon and the 
upper part of the rectum. Superiorly it anastomoses with the superior left colic 
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artery and interiorly it anastomoses with the superior rrctal artery but the Jatter 
anastojnosis is often imperfect. 

The Snperior rectal artery the rectum and it 

begins as a direct continuation of die inferior mescptcricartery .and descends down- 
wards between the two layers of the pelvic mesocolon ami reaching the level of the 
third sacral vertebra it divides into two branches which descend one on each side 
of the rectum. „ Reaching the middle of the rectum, each artery- breaks up into 
smaller branches which picicc the toll of the gut and descend downwards between 
the muscular and mucous layers as far as the level of the sphincter ani intentfu where 
they anastomose each other and form a loop atound the lower pail of the rectum; 
these arterial loops communicate with the middle rectal branch of the inte rnal iliac 
and with the inferiot icctal branch of the internal pudendal artery. The superior 
rectal artery supplies the whole of the mucous membrane and the upper part of the 
musculature of the rectum^ The lower part of the musculature oi the rectum is 
supplied bv the middle and inferior rectal arteries. 

(2) Branches supplying the three paired glands — These are paired branches 
which supply the kidneys , supra* enals and the testis or ovary. 

(dj The renal arteries are two in number, one on each side and supply the 
right and the left kidneys. The right renal artery is longer than the left because of 
the aorta being placed more on the left side and in its course it passes behind the 
inferior vena cava, head of the pancreas and the second portion of the duodenum 
and finally it reaches the hiluro of the right kidney where it is placed in between the 
renal vein in front and the pelvis of the ureter behind. The left renal artery is 
shorter than the light and arises from the aorta at a higher level than the right. 
In us course to the hilum of the left kidney it lies behind the left renal vein and the 
body of the pancreas and is crossed by the inferior mesenteric vein. Each renal 
auerv provides one inferior suprarenal artery for the corresponding suprarenal 
gland, 

Development. The renal artencs represent live visceral or splanchnic brandies from the dorsal 
aorta 

Anomalies. Fherc may be two renal arteries on one or both tides; tlic two renal arteries, one 
for each kidney, may arise by a Jingle stem. Accessory renal arteries arc al« frequently seen. They 
inay lie situated either below (usual ) or above the normal artery. 'Hie accessory renal artery may take 
iu oiirmi from the ahdoimn.il aorta, common iliac, external or internal iliac, testicular or ovarian, 
median sacral arteries or from die lumbar artery; it may a bo take iu origin from the inferior plirenie 
artery. The lujinev develops primarily in die region of the first sacra! vertebra and then gradually 
ascends upwards to gam iu normal position; as it ascends it change* m vascular supply but Occa- 
sionally some of the artencs supplying it earlier may persist to account for the accessory renal arteries. 

— - (*0 The middle suprarenal nrtcr v is a slender artery which arises from 
each side of the abdominal aorta. The right middle suprarenal artery passes behind 
the inferior vena cava, and m front of the right crus of the diaphragm. The left 
middle suprarenal artery comes into relation with the left corliac ganglion, body of 
the pancreas and the splenic vessels. 

(c) The testicular arteries arc two in number, one on each side, and supply 
the testis. Each arises ft ran the front of the aorta immediately below the renal 
artery- and descends obliquely downwards and laterally in fiont or the psoas major 
muscle. It ciosses the ureter and the genitofemoral nenc, and in the lower part, Jt 
descends on the external iliac artery and then enters into the deep inguinal ring where 
it enters into the spermatic cord. Passing through the spermatic cord it traverses 
the inguinal canal, the superficial inguinal ring and finally reaches the upper end 
of the testis where it breaks up into branches, some of which supply the testis and 
the others anastomose with the artery to the var deferens. 

In the abdomen the right testicular artery passes in front of the inferior vena 
cava, and behind the third portion of the duodenum, right colic and the ileocolic 
vessels and the terminal part of the ileum. The left testicular artery passes behind 
the left colic vessels and the lower part of the descending colon . 
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terra! between the upper border of the interosseous membrane and the oblique 
cord where it ends by dividing into a nlerior and posterior interosseous branches . 



Fig. 620. The deep dissection of the front of the right forearm. The flexor digitorum profundus 
has been drawn apart and the tendon of the flexor pollicis has been divided. 

From the dissection hall, X. R. Sircar Medical College, Cal; with the kind permission from 
the Prof, of Anatomy. 

Anterior interosseous artery. It descends in front of the interosseous 
membrane in company with the anterior interosseous nerve; reaching the upper 
border of the pronator quadra tus it pierces through the membrane to reach the lower 
part of the back of the forearm where it joins with the posterior interosseous artery 
and finally joins in the dorsal carpal anastomosis. In the front of the forearm it is 
overlapped by the flexor digitorum profundus medially and the flexor pollicis longus 
laterally. In the back of the hand it lies on*the lower part of the back of the intero- 
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sseom membrane, back of the lower end of the radius In the compartment for the 
extensor dlgltorum and extensor indicts tendons. The posterior interosseous nerve 
comes into close relation with it in the back of the forearm and wist. 

The anterior interosseous artery provides muscular and nutrient branches, -i/tf 
arteria mediana and an anastomosing branch which joins in the tolar carpal network. The 
muscular branches supply the adjacent muscles. The nutrient branches supply the ulna 
and the radius as their nutrient arteries. The arteria mediana arises from the anter- 
ior interosseous artery in the upper forearm and soon accompanies the median 
nerve and ends by supplying its connective tissues. However, it may, occasionally, 
be sufficiently enlaiged and may join with the superficial branch of the ulnar artery 
to complete the superficial palmar arch. 



Fig. 621. The deep dissection of the back of the right forearm. Note the posterior interosseous 
artery and die dorsal carpal anastomosis. 

From the dissection ball, N. R. Sircar Medical College, Cal; with the kind permission from 
the Prof, of Anatomy. 
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Posterior interosseous artery. It goes to the back of the forearm by passing 
between the oblique cord and the upper border of the interosseous membrane. 
In the back of the forearm it runs downwards from below the lower border of the 
supinator muscle and lies in between the superficial and the deep groups of the 
extensor muscles of the forearm. In the lower part of the forearm it is accompanied 
by the posterior interosseous nerve and ends by joining with the anterior interosseous 
artery and the dorsal carpal network. 

Immediately below the lower border of the supinator muscle it provides its 
interosseous recurrent branch which ascends upwards to reach the back of the lateral 
epicondyle where it ends by joining with the posterior descending branch of the 
arteiia profunda brachii, ulnar collateral and with the posterior ulnar recurrent 
arteries. It also provides musadar branches which supply the adjacent muscles. 



Fig. 622. The palmar aspect of the right palm to show the superficial s esse Is and nerves. 

With the kind permission from Led eric Laboratories — drawn by Mr. Paul Peck. 

Ulnar artery in the wrist . Posteriorly, in the wist, the ulnar artery lies upon the 
flexor retinaculum and is covered superficially by the skin, superficial fascia and the 
palmaris brevis and the fibrous expansion stretching from the flexor carpi ulnaris 
to the flexor retinaculum. Medially it is related to the pisiform bone and the ulnar 
nerve. Laterally it is related to flexor digitorum superficialis (subhims). Immedia- 
tely entering into the palm the ulnar artery divides into superficial and deep brandies. 
The former forms the superficial palmar arch while the latter joins with the radial 
artery to form the deep palmar arch. 
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Branches tn umf r Branches in the hand : 

(1) Volar (anterior) carpal. (1) Superficial. 

(2) Dorsal (posterior) carpal. (2) Deep. 

Superficial palmar arch. Formation. Thr superficial palmar arch is the 
direct continuation of the superficial branch of the ulnar artery ami forms an arch 
the convexity of which ls directed downwards and lies in between the wrist joint 
and the root of the middle finder. 

The arch is completed on the radial side by the superficial palmar branch of the 
radial jrtcrv which passes in front of or through the thenar muscles and then joins 
w «h it. The arch may also be completed by a branch cither from the radialh indicis 
or ar tei ia pi inceps pollicis from the radial artery or by the artcria median.!. 

Relations — Anteriorly. It is covered b> the skin, superficial fascia, paltn.trii 
brevis, palmar aponeurosis and the palmar branches of the median and ulnar nerves. 

Poshrtorlji It lies successively upon the medial part of the flexor retinaculum, 
niit*ins of the hvpothenar muscles, the flexor tendons and the digital branches of the 
ulnai and median nerves. 

Branches : 

(1) Cutaneous and muscular branches. Supply the skin and the short muscles in 
the palm. 

(2) Palmar distal branches. They arc three in number, they accompany the 
digital nerves and lie superficial to them and descend on the second, third and fourth 
lrnnhrital muscles. Each is joined by the corresponding palmar metacarpal artery 
from the deep palmar arch and divides into digital branches which supply the 
contiguous sides of the index and middle, middle aud ring and the ring and the little 
fingers. The medial side of the little finger gets a separate branch. 

Development. The ulnae branch of the axial artcrv tak<-s its origin at iltr oU>ow and by pajwnff 
deep to the tlesor muscJe-rnasi it descends vertically to enter into ihc palm of ihe hand and join* with the 
capillary network which subsequently develop* into the superficial palmar arch. 

Anomalies. The ulnar artery may be absent and its place Is taken up by either die artcria mc- 
thaiu or by ihe anterior interosseous artery . Il may arise fi-oni die lirarhi.il or axillary artery in the arm 
and may descend downwards superficial lo the flexor muscle-mass in the forearm, and may tie either su- 
perficial or deep to tbf deep fascia; in case of its higher origin the common interosseous and the ulnar 
recurrent arteries usuall> Arise from the brachial artery. Datally it may terminate in the deep palmar 
arch instead of into the superficial palmar arch 

The superficial palmar arch mav be absent and its area of distribution is supplied by branches fr°rn 
the deep palmar arch. Instead of firing completed by the superficial branch of the radial artery, 
the superficial palmar arch may lie completed either by the artcria princeps polhcis, or l>y the arlena 
radialis indicts or by the artcria medians. 

Carpal anastomosis. The carpal anastomosis consists of the arterial anas- 
tomosis that exists both in from of and behind the carpal articulations, 

(1) Anastomosis in front of the carpal bones. The volar (anterior) carpal branch 
of the radial artery anastomoses with the volar (anterior) carpal branch of the 
ulnar artery' and forms a transverse arterial arch which is joined from above by die 
anterior and the posterior interosseous branches of the common interosseous artery 
and is joined from below by the recurrent branches from the deep palmar arch. 
It thus completes a sort of cruciate anastomosis in front of the carpal bones known 
as the volar (anterior) carpal anastomosis. 

(2) Anastomosis behind the carpal bones. The dorsal (posterior) carpal branch 
of the radial artery anastomoses with the dorsal (posterior) carpal branch 
of the ulnar artery and this is joined by the anterior interosseous and posterior 
interosseous, branches- of the common interosseous artery and thus completes an 
arterial arch known as the dorsal (posterior) carpal arch. 

From the posterior carpal arch three dorsal matacarpal arteries arise, each or 
which divides into two digital branches which supply the contiguous sides of the 
^ index and middle, the middle and ring and the ring and little fingers. 
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(1) Pericardial. They are a few small twigs which supply the posterior aspect 
of the pericardium, 

(2) The bronchial artery may arise from the descending thoracic aorta or from 
any of the upper posterior intercostal arteries. There is usually one bronchial 
artery on the right side whereas on the left side tiieic arc two, superior and inferior 
bronchial arteries. The right bronchial artery arises from the third posterior 
intercostal artery. The left bronchial arteries arise from the descending thoracic 
aorta. The origin of the left superior bronchial artery corresponds to the body 
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(3) OtiobhavaL The oesophagr-it brandies comist of 5 or G small arteries 
which arise from the \entral aspect of the aorta and soon pass to the oesophagus. 
Superiorly they anastomose with the oesophageal branches of the inferior thyroid 
artery and inferiorly with the oesophageal brandies of the left gastric and the left 
phrenic arteries. 

(4) Mediastinal. Several small twigs supply the !>mph glands and the areolar 
tissues of the posterior mediastinum. 

(5) Paste fior intercostal arteries. Each typical posterior intercostal artery' arises 
from the descending thoracic aorta, traverses the costal groove and ends by anasto- 
mosing with the anterior intercostal branch of the internal thoracic (mammary) 
or musculophrenic artery. Aortic intercostal arteries, in series, arise from cither 
sides of the descending thoracic aorta and passing cither to the left or right thoracic 
wall. The posterior intercostal arteries from the third to the ninth intercostal space on 
both sides maintain the same characteristics and any one of the intercostal arteries 
of this Series may called a typical aortic intercostal artery. 

The ricAf aortic intercostal arteries arc larger than the left owing to the aorta being 
placed on the left side nf the vertebral column. They cross the front of the vertebral 
column and pass behind the oesophagus, thoracic duct and the azygos vein and 
reach their numerical!)' equivalent spare. They all are ccnereil by the right lung 
and pleura. The left irlercostal artenes are crowed vertically by the hemiazygos 
veins and are covered by the left lung and pleura. Tlic further course and relations 
of the arteries arc the same on both the sides. 

Eads artery readies the upper Imrder of the numerically equivalent space and 
paws tow.irdt the angle of the upper rib. It then lies in the costal groove and is 
continued forwards as far as the mid-axillary line where it breaks up into two 
branches. One follows the lower bonier of the spare and the other the upper 
brodcr and ends by anastomosing with the corresponding anterior intercostal brands 
of the interna! thoracic (matnmarvl or musculophrenic arterv. 

As far as the angle of the rib the artery hes in between the costal pleura and the 
internal (posterior) intercostal membrane. In the costal groove it lies between 
the imercostalis intemus and intercoslalis intimi muscles. Here it is accompanied 
by the intercostal vein and tlic intercostal nerve of svhirh the nerve lies below and 
the vein lies almve the artery. 

Ffrarehes : 

(o) Dumb (d) Lateral cutaneous. 

\b) Collateral intercostal (r) Mammary. 

(cj Afuscufar. 

Jf.n. Of Owr lypicnl xrin the thiol aoriir intrrtoMal artery a an exception which endj by aim- 
tomounz with the lunenor intercom t.tl artery. The intercental arteries of the tower two spaces, that it, 
the lOih and the J 1th » pacer, maintain almost all the cliaractrtislicj of the typical senes so long ns they 
are contained in the costal groove and 1>eypnd that die)’ ore continued in tlic anterior abdominal wall 
where they he in lie i ween the obbrjuuj inirmus aWlomtnit and ibe trams rrsus abdominis and end by 
anastomosing with the subcostal, superior epigastric and lumbar arteries. 

Dorsal branch. The dorsal branch of the intercostal arteiy runs backwards 
between the necks of two ribs and medial to the superior costo-transversc ligament 
and then accompanies the posterior primary ramus of the thoracic spinal nerve and 
finally niter crossing over the transverse process of the thoracic vertebra it divides 
into terminal branches which supply the adjacent muscles and the skin. The 
cutaneous twigs accompany the cutaneous twigs of the posterior primary' ramus 
of the thoracic spinal nerve. 

As the dorsal branch passes backwards it gives out its spinal branch which enters 
into the vertebral canal through the intervertebral foramen and divides into bran- 
ches which supply the vertebrae, the spinal meninges and the medulla spinalis (spina! 
cord). Over the medulla spinalis it anastomoses with the artery of the opposite side 
and with the spinal arteries. 
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Collateral intercostal branch. This branch arises from the posterior intercostal 
artery opposite the angle of the rib. It runs downwards and laterally to reach the 
upper border of the rib below and follows the s^me to the anterior'chcst wall where 
it ends by anastomosing with the intercostal branch of the internal thoracic (internal 
mammary') and musculo-phrenic arteries. 

Muscular branches. They supply the intercostal muscles, pectoral is major, 
pectoralis minor and the serratus anterior muscles. 

lateral cutaneous branches. These brandies follow the corresponding lateral 
cutaneous nerve from the ventral ramus of the thoracic spinal nerve and are mostly 
distributed to the skin. 

Mammary branches. The posterior intercostal arteries of the second, third and 
the fourth inlet costal spaces provide mammary' branches which supply the breast. 

JVB. The right bronchial artery arises from the right posterior intercostal artery. 

Development. The posterior intercostal arteries represent the somatic intrnrgmental branches 
from the dorsal aorta. 

Anomalies. The posterior intercostal arteries arc bilateral \ easels from the descending thoracic 
aortas each arising separately. Each pair may, botveser, arise by a common stem or one intercostal 
artery mnv supply more than one intercostal spaces. The origin by a common stem is due to fusion of 
the roots of two somatic interscgmcntal arteries, In cases, where one intercostal artery supplies more 
titan one intercostal spaces, the precostal anastomosis or the particular somatic interscgmental arteries 
persists whereas the connection of the interstEmrotnl arteries with the dorsal aorta internal to the 
prccmtal anastomosing channel retrogresses except the one which breomrs ihr feeder stem. 

The number of the posterior intercostal arteries may also cither Increase or decrease, 

{()) Phrenic branches. They form a few small twigs arising from the lower 
part of the descending thoracic aorta and supply the diaphragm and end by anasto- 
mosing with the musculophrenic and pericatdiacoph rente arteries. 

THE ABDOMINAL. AORTA 

The abdominal aorta. It lies in front of the vertebral column and begins 
as a direct continuation of the thoracic aorta from opposite the level of the twelfth 
thoracic vertebra and ends below, opposite the body of the fourth lumbar vertebra, 
by dividing into right and left common iliac arteries. At its termination it is placed 
a little to the left of the median plane. 

Anteriorly, from above downwards, it is related to the cocliac artery with coeliac 
plexus of nerves, peritoneum of the lesser sac, superior mesenteric artery, body of the 
pancreas, left renal vein, the third part of the duodenum and the parietal peritoneum 
which separates it from some coils of the small intestine. 

Posteriorly, it is related to the bodies of the upper four lumbar vertebrae, anterior 
longitudinal ligament, the lumbar arteries and the left lumbar veins. 

To the left side, from above downwards, are the left crus of the diaphragm, the 
body of the pancreas, duodcno-jcjunal flexure, fourth part of the duodenum, some 
coils of the small intestine and the left sympathetic trunk. 

To the right side, are the inferior vena cava and the right sympathetic trunk to 
the greater part of its extent, and higher up, where the inferior vena cava deviates to 
the right it is related to the right crus of the diaphragm and the origin of the azygos 
vein and the cistema chyli. 

The branches of the abdominal aorta may be grouped into the (1) branches 
supplying the gastrointestinal tract and the three unpaired glands (liver, spleen 
and the pancreas), (2) the branches supplying the three paired glands (testis or 
ovary, kidney and the suprarenal gland) and (3) the branches supplying the body 
waits. 

(1) The branches supplying the gastrointestinal tract and the three unpaired 
glands are the unpaired \entral branches of the aorta and from above 

J - *' — are the (a) Coeliac, (6) the superior mesenteric and (c) the inferior 
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mesenteric. They arc unpaired because they are formed by the fusion of the ventral 
branches of the two dorsal aorta in ptenat.il life. 


A. The cocliac ar- 
tery. It js the Jirst ante- 
rior branch of the abdo- 
minal aorta and arises 
from it immediately below 
the aortic opening in the 
diaphragm. It is a stout 
branch, about half an 
inch in length and passes 
horizontally forwards 
above the pancreas and 
die splenic vein. So on 
after its origin it divides 
into its terminal branches. 

It is surrounded by 
the coeliac plexus of 
nerves, the branches of 
which accompany the 
branches of the cocliac 
artery. On the right side , 
it is related to the right 
crus of the diaphragm, 
the right coeliac ganglion 
and the caudate lobe of 
the liver. On its left side, 
are the left coeliac gan- 
glion, the left ents of the 
diaphragm and the left 
gastric artery. Below it is 
related to the pancreas 
and the splenic vein. 

NJ3. The coelic artery in 
prenatal life was situated in the 
neck opposite to the wenlh 
cervical vertebra but later on, 
when the .lungs develop they 
push the diaphragm downwards 
and the diaphragm in turn 
puhses down ibe coeliac artery. 
The median arcuate ligament 
which connects the two Crura of 
the diaphragm opposite the 
median plane, forms a tight 
collar above the coeliac artery. 

Branches : 

(s') Left gastric, 

(tt) Hepatic 
(tit) Splenic. 

Development. The co- 
eliac artery represents the artery 
of tiie fore-gut and forms tire 
ventral branch from the abdo- 
minal portion of the dorsal 
aorta. 



Anomalies. The coeliac artery may he absent; when absent, its branches may take origin sepa- 
rately from the abdominal aorta or from some other arteries. 

The hepatic artery may arise either from the abdominal aorta or from the superior mesenteric artery; 
the left hepatic artery occasionally arises from the left gastric artery. 
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The I'Jt gastric cilery may be double and may take origin separately from the abdominal aorta. 

The tnlny may arise either from the abdominal aorta or from the superior or inferior mesen- 
teric arteries, it may also take its origin from either the middle colic or from the left hepatic artery, 

fi) The left gastric artery passes upwards arid to the left towards the oeso- 
phageal opening in the diaphragm and after giving its oesophageal branch which 
passes through the oesophageal opening, descends downwards and to the right 
along the lesser curvature of the stomach and ends by anastomosing with the right 
gastric artcrv opposite the pyloric end of the stomach. It lies between the two layers 
of the lesser omentum. It gives branches which are distributed to the two walls of 
the stomach. 

(a) The splenic artery passes transversely to the left side and is remarkable 
for its tortuosilv. In its course it gioovcs in the posterior surface of the body of the 
pancreas above the splenic scin and crosses the left psoas major Inusclc, left suprarenal 
eland and the anterior surface of the left kidney and finally it enters between the 
two laveis of the lienorenal ligament and divides into branches which enter into the 
liilum of the spleen above the splenic vein. 

Branches : 

ia) Pancreatic. */*l0 Left gastroepiploic. 

(Aj Short gastric. *s{d) The terminal or splenic. 

' a; The pancreatic branches of the splenic at tery are numerous short branches 
which supply the body and tail of the pancreas. One of the pancreatic blanches, 
known as the arlena fuincrentira ma asa. is a long slender branch which closely accom- 
panies the pancreatic duct and ends bv anastomosing with the panci en tic branches 
from the superior and inferior pancrcatico-duodcnal arteries. 



Pig. 626 The duodenum with the pancreas and the spleen. 

Note the closriy related scsscls ia association with these viscera. 

(&) The short gastric arteries are five or six short branches which arise from 
the left end of the splenic artery' and also from its terminal brandies and by passing 
between the two layers of the gastrosplenic omentum they supply the fundus of the 
stomach and end by anastomosing with the branches from the left gastric and die 
left gastroepiploic arteries. 
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(c) The left gastroepiploic artery arises from the splenic artery close to its 
left end. It is the largest branch of the splenic artery and insinuating itself between 
the two layers of the gastrosplenic omentum it passes to the right in between the 
two layers of the greater omentum along the greater curvature of the stomach and 
anastomoses with the right gastroepiploic artery. In its course through the 
greater omentum it lies at a distance of about halfan inch from the greater curvature 
of the stomach and provides ascending and descending branches. The ascending 
branches supply the stomach while the descending branches supply the greater 
omentum. 

(d) The splenic branches form the terminal branches of the splenic artery 
which enter the hilum of the spleen between the two layers of the lienorenal ligament 
and end by supplying the spleen. 

(m) The hepatic artery passes forwards and to the right from its origin to 
the upper border of the first part of the duodenum and then it passes upwards to 
enter into the right margin of the lesser omentum where it is placed on the left side 
of the common bile duct and in front of the portal vein. Finally it reaches the right 
end of the porta hepatis where it ends by dividing into right and left branches for the 
corresponding lobe of the liver. It is accompanied by the hepatic plexus of nerves. 

Branches : 

(a) Right gastric. 

(b) Gastroduodenal. 

ti) Right gastroepiploic. 

(«) Superior p.mcreatico-duodenal. 

(c) Cystic. 

(a) The right gastric artery arises from the hepatic artery immediately above 
the first portion of the duodenum and then descends downwards in between the 
two layers of the lesser omentum to reach the pylorus. It then passes to die left 
along the lesser curvature of the stomach and after supplying branches to both 
surfaces of the stomach it ends by anastomosing with the left gastric artery. 

(b) The gastroduodenal branch of the hepatic artery arises fiom the hepatic 
artery above the medial part of the first portion of the duodenum and then descends 
behind it and lies on the left side of the common bile duct and reaching the lower 
border of the same it divides into right gastroepiploic and superior pancreatico- 
duodenal branches. 

(i) Tlie right gastroepiploic artery after its origin soon passes to the left to the 
greater curvature of the stomach where it lies in between the two layers of the greater 
omentum and passing along the greater curvature it ends by anastomosing with the 
left gastroepiploic branch of the splenic artery. At the lower border of the pylorus 
it lies in contact with the same but in the rest of its extent it lies at a distance ol' about 
hair an inch fiom the greater curvature of the stomach. 

(it) The superior pancreolico-dxodenal artery forms two arterial arches, anterior 
and posterior. The anterior one passes in front of the groove between the head 
of the pancreas and the second part of the duodenum and ends by anastomosing 
with the pancreatic branches from the splenic artery and with the anterior branch 
of the inferior pancreatico-duodenal branch of the superior mesenteric artery. The 
posterior branch passes downwards and to the right from under cover of the first 
part of the duodenum and then passes in front of the portal vein and'the common, 
bile duct. Then it passes behind the head of the pancreas and crosses in front of 
the bile duct to reach the medial wall of the duodenum (second part) and finally 
descends in the posterior part of the groove between it and the head of the pancreas 
and ends by anastomosing with the posterior branch of the inferior pancreatico- 
duodenal artery. 



718 


human anatomy 


(f) The tjshe arUry arise from the right branch of the hepatic artery within the 
porta hepatw and passing behind the common hepatic duct reaches the hack of the 
cystic duct and the neck of the gall bladder where it intervenes between the liver and 
the neck of the gall bladder and divides into superficial and deep branches. The 
superficial branch passes between the peritoneum and the gall bladder while the 
deep branch run* between it and the liver and they finally end by supplying the 
gall bladder. 

B. The superior mesenteric artery arises from the front of the abdominal 
auTta about l cm below the origin of the coeliac artery and descends downwards 
and to the right between the two layers of the mesentery to the right iliac folia where 
it ends h\ anastomosing with one of its own branches — the ilioeolie branch. 

At ns origin it » crossed bv the neck «f t he wanerras a mi the splenic vein and 
it is separated fiom the front of the abdominal aorta by the left renal vein. In its 
course downwards and t» the right it crosses in front of the uncinate process of the 
pancreas, the th ird porn mi of the duodenum, the right testicular or ovar ian vessels, 
the inferior ien.1~ cavaT the right psoas major nim clc and Jlic rnHit ureter. It It 
accompanied l>\ the superior mesenteric vein which lies on'it* right side. The 
mesenteric plexus of nerves intimately surr ounds the arte ry. 

The superior mesenteric artery supplies the wliolr bf the small intestine except 
the first port ion of the duoden um, it also supplies the carrnm, ascending and the 
t ransverse ctilu n^ Kt.' 'I i). 

Of sclopmrnt. The oipenor mrvnirric art<-ry h the nrtrry of thr mxI-EUt and it rfrmftl from 
it p dorsal aorta of which it H a sr niral tirtncb 

Anomalir*. Ocravottallv it mpplin both tlip tr.id- and tlir luivl-guti; in ttich rawt ihrjnlnkx 
Hiwnienr artery ts unwll> absent There rnav tie two iu[>nicr mesenirne arteries ocatioflaU)’ 
The gatiroduodens), iplenic and the hepatic arteries nil) oreaurma!!)- a rue from die lupenor mesen- 
teric artery 

Hranchts : 

~J{a) The inferior pancreatico-duodenal artery arises from the superior 
mesenteric artery immediately .those the upper border of the third part of the 
duodenum. Sometimes it may arise from the first jejunal branch of tlte superior 
mesenteric artery. After its origin it soon divides into anterior and posterior 
branches. The anterior branch passes upwards and to the right to reach the anterior 
aspect of the groove between the head of the pancreas and the second portion of the 
duodenum ami cuds by anastomosing with the anterior branch of the superior 
pancrcalico-duodcnal artery. The posterior branch reaches the posterior aspect 
of the groove between the head of the pancreas and the second portion of the duode- 
num and anastomoses with the posterior branch of the superior pancreaiiro-duodeiul 
artery. 

'•'(*) Jejunal and ileal branches or the superior mesenteric artery arise f fom 
the left side of the same and consist of about 12 to 15 brandies. Except the terminal 
portion of the ileum which is supplied by the ileocolic artery’, the whole of the jejunum 
and the ileum are supplied by these brandies. Each artery first divides into two 
branches which unite with the similar adjacent brandies to form arterial ardies and 
ultimately before reaching the intestine they form numerous arches in between the 
two layers of the mesentery. From each of the terminal arches a single straight 
artery (vasa recti) reaches the gut wall and these straight arteries alternately pass 
to the left and right side of the gut wall and end by supplying them. The vasa 
recti supplying the jejunum are longer than those supply ing the ileum. 

(c) The Ileocolic artery arises from the right side of the superior mesenteric 
artery below' the right colic artery and forms the lowest of the branches on the right 
side. It runs downwards and to the right to reach the right iliac fossa where it 
divides into superior and inferior branches. The superior branch anastomoses with 
the right colic artery while the inferior branch anastomoses with the terminal portion 
of the superior mesenteric artery. In its course the ileocolic artery’ lies behind the 
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The ovarian artery in the female corresponds to the testicular artery in the 
male and lias the same course and relation up to the pelvic brim. It enters the 
pelvic cavity by crossing the external iliac vessels and then runs medially in between 
the two layers of the mfumlibulopelvic ligament and reaches the hilum of the ovary 
where it gives out branches which supply the ovaiy and finally ends by anastomosing 
with the uterine artery. 

Development. The testicular or Ovarian arteries represent the splanchnic brandies from the 
<J«rwJ aorta tihicti «ipplf the gonads from which either the testn or the ovary clcscfofu. The origin 
of the arteries from the upper lumbar region is indicated by the fact that the gonads occupy the same 
region during the earlier part of the development but subsequently, due to descent of the testis or the 
os-ary, the artery *uppl>ing die organ is dragged down with it and becomes elongated. 

Anomalies. The testicular or the ovarian arteries may arise by a common stem; they may be 
double on one or both sides. The artery may tafce its origin either from the suprarenal, renal or from 
die accessory mini arteries instead of from the abdominal aorta. 

(3) Branches supplying the body trails — The arteries supplying the body wall 
arc the two inferior phrenic arteries, four pairs of lumbar arteries and the median 
sacral artery. 

The inferior phrenic arteries arc two in number, each arising from the front 
of the abdominal aorta above the cocliac artery. The size and origin of the arteries 
are constantly variable and after a short course each artery enters into the diaphragm 
muscle and ends by supplying it. In the diapi.ragm they anastomose each other 
and also with the branches from the posterior intercostal and musculophrenic arteries. 
Each inferior phrenic artery provides a superior suprarenal branch which supplies 
the suprarenal gland. 

The lumbar arteries arc four in number on each side and they arise from the 
posterior aspect of die abdominal aorta. Each artery passes backwards round the 
body of the lumbar vertebra and passes laterally behind the quadratus lumbroum ex- 
cept the last one which usually passes in front of the muscle, and enters into the abdo- 
minal wall where it lies between the transversus and the obliquus intemus abdominis 
and ends by anastomosing with the posterior intercostal arterits . In their course 
the upper arteries pass behind the crus of the diaphragm, psoas major muscle and the 
sympathetic trunk while the lower arteries pass bclnnd the psoas major and the 
sympathetic trunk only. 

The median sacral artery ari ses from the back of the abdominal aorta 
immediately above its bifurcation and then runs downward in front of the left common 
iliac vein and the sacral promontory and then it enters the pelvic cavity and descends 
. vertically downwards in front of the sacrum opposite to the median plane and ends 
by anastomosing with the lateral sacral arteries s 

Right common iliac artery. It is about 2 inches long and passes obliquely 
downwards and laterally unto its division into external and internal iliac arteries. 
Anteriorly it is covered by the parietal peritoneum which separates it from some coils 
of the small intestine. Under the parietal peritoneum it is crossed in front by the 
sympathetic nerves passing to the hypogastric plexus, and near its termination, by 
the ureter. Posteriorly it lies against the bodies of the fourth and the fifth lumbar 
vertebrae and is separated from them by the commencement of the inferior vena 
cava, termination of the common iliac veins and the sympathetic trunk. Opposite 
the lumbosacral triangle it is related deeply to the obturator nerve, the lumbosacral 
nerve trunk and the iliolumbar artery. Laterally it is related to the inferior vena 
cava above and to the right common iliac vein below. Medially it is related to the 
left common iliac vein in its upper part. 

Left common iliac artery. The left common iliac artery is shorter than the 
right and measures about 1 J- inches in length. It is covered in front by the parietal 
peritoneum which separates it from some coils of the small intestine. Under the 
parietal peritoneum it is crossed by the sympathetic branches which pass "to -the 

45 
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hypogastric plexus and near its termination by the ureter and in between the two 
by the inferior mesenteric or superior rectal vessels. Posteriorly it is related to the 
obturator nerve, lumbosacral trunk and the iliolumbar artery’ and a part of the left 
common iliar vein. Laterally it is related to the left psoas major muscle and medially 
to the left common iliac vein. 


Fig C27. Anatomy or the pelvis and hip joint. Note the disposition of the external and internal 
iliac arteries. 

With the kind permission from Led eric Laboratories — drawn by Mr. Paul Peck. 

External iliac artery. The external iliac arteries are two in number, one 
Sldc * and beg i iii at the bifurcation of the common iliac artery. Descending 
obliquely downwards and laterally it passes behind the mid-point of the Inguinal 
ligament and enters the thigh behind it to become the femoral artery. 

Anteriorly it is covered by the parietal peritoneum which separates the left artery 
from the pelvic colon and some coils of the small intestine and the right artery from 
the terminal part of the ileum, and sometimes from the vermiform appendix. 

c £ mn }' :ii cement it is crossed by the ureter and near its termination by the deep 
circumflex iliac vein, genital branch of the genitofemoral nerve, and by the vas 
tie errns in Urn male, and the round ligament of the uterus in the female. The testi- 
VCSS .h, d “ ccnd in front of it whereas the ovarian vessels in tire 

10 fr ° nt °£ *,'• ? os i criorI y and laterally it is related to the psoas major 
muscle being separated by the fascia iliaca. The external iliac vein lies medial to 
it at its lower part but posterior to it in its upper part. 

!t E» v « out the inferior epigastric and the deep circumflex iliac 
artery and a few muscular twigs. * 

;r"!! e 5*? r ^P'S 518 *™ Artery. The inferior epigastric artery arises from the exter- 
nat mac artery immtdiately above the inguinal ligament and ascends upwards and 
^ trn -pcntoneal tissue dose to the medal margin of the deep inguinal 
ring and then it passes upwards between the posterior lernella of the rectus sheath 
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and the rectus abdominis muscle. Finally it breaks up into branches which end by 
anastomosing with the superior epigastric branch of the internal mammary artery 
and the posterior intercostal arteries. 

At first it lies in the extra-peritoneal tissue in front of the peritoneum, then on 
the transversalis fascia, and is covered by the transversus abdominis muscle, and 
in the rectus sheath, by the rectus abdominis muscle. It lies below and medial to the 
deep inguinal ring, and the vas deferens, in case of male, and the round ligament of 
the uterus in case of female, winds round the posterior and lateral aspects of the artery. 

Branches : 

(1) Pubic. (4) Muscular branch. 

(2) Cremasteric. ^ (5) Cutaneous branch. 

(3) Peritoneal. (6) Terminal. 

Pubic branch. It arises from the inferior epigastric artery close to its origin and 
descends downwards along the medial margin of the femoral ring (free matgin of 
the pectineal part of the inguinal ligament) to reach the back of the body of the 
pubis where it ends by anastomosing with the pubic branch of the obturator artery. 
Sometimes the pubic branch of the inferior epigastric artery becomes sufficiently 
enlarged to replace the obturator artery which is absent. In such cases this branch 
is known as the abnormal obturator artery. 

Cremasteric branch. It is a small artery from the inferior epigastric artery which 
descends through the inguinal canal and supplies the cremaster muscle and the other 
coverings of the spermatic cord and ends by anastomosing with the external pudendal, 
scrotal or labial artery and with the testicular artery in the male. It is much smaller 
in the female and accompanies the round ligament of the uterus. 

Peritoneal branches. They are small branches which supply the lower part of the 
peritoneum and the extraperitoneal connective tissue. 

Muscular branches. They supply the muscles of the anterior abdominal wall and 
end by anastomosing with the deep circumflex iliac, lower posterior intercostal and 
lumbar arteries. 

Cutaneous branches. They pierce the rectus abdominis and its anterior sheath and 
are distributed to the subcutaneous tissue of the anterior abdominal wall where 
they anastomose with the superficial epigastric and the corresponding branches of 
the opposite side. 

Terminal branches. They end by anastomosing with the branches of the super- 
ior epigastric artery within the musculature of the rectus abdominis muscle. 

Deep circumflex iliac artery . It arises from the lateral aspect of the external iliac 
artery immediately above flic inguinal ligament and being contained in a sheath 
derived from the transversalis fascia (in front) and, the fascia iliaca (behind) it passes 
upwards and laterally, behind the inguinal ligament to reach the anterior superior 
iliac spine. Here it pierces the transversalis fascia and runs along the inner lip of the 
iliac crest upto its mid-point where it pierces the transversus abdominis and runs 
backwards along the inner lip of the iliac crest between the transversus abdominis 
and the obliquus intemus abdominis, and finally ends by anastomosing with the 
superior gluteal and iliolumbar arteries. Opposite the anterior superior iliac 
spine it anastomoses with the ascending branch of the lateral circumflex femoral 
artery and provides an ascending branch which intervenes between the transversus 
abdominis and the obliquus intemus abdominis and ends by anastomosing with the 
lumbar arteries and with the branches from the inferior epigastric arteries. 

TUe-lnternal-Jliac-artcry. It is about 1* inches long and begins from oppo- 
site the level of the sacroiliac joint as the internal terminal branch of the common^ 
iliac artery. It descends chnvnwards to the upper part of the greater sciatic " - ' ' ^ 

where it divides into anterior and posterior trunks. 
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Anteriorly it is related to the ureter in the male and with the. ureter, ovary and 
the fimbriated end of the uterine tube in the female. Posteriorly it is related to the 
internal iliac vein, lumbosacral nerve trunk and the sacio-iliac articulation. Media* 
IK* U Li related to the parietal peritoneum which separates it from some coils of the 
ileum and the pelvic colon above, and from the ureter below. laterally it is 
related to the external iliac vein above anil to the obturator nerve below. 

Branches: . 

Ar tenor trank : , * 

(a) Supei4or vesical.**' 

{b) Inferior vesical. 

(c) Middle rectalr”'* 

(rf) Uterine and vaginal (in case of 
female only). 

(e) Obturator. * 

(/) Internal pudendaL 
(g) Inferior gluteal... 

The superior weal artery. The superior vesical artery arises as three or Four 
small arteries front the patent portion of the obliterated umbilical artery. They 
supply the superolateral aspects of the urinary bladder. They also supply the 
terminal portion of the ureter and the vas defemns. 


Posterior Trunk: 

(a) Iliolumbar. 

(b) Lateral sacral. 

(c) Superior gluteal. 



Tie. 6281. Latrral vievv of the female pelvis to show the main attetiei and naves. The Madder, 
rectum and pelvic perdu tion are drawn downwards to show their arterial supply. 

With the kind permission from : CU Linden Surgical Anatomy 2nd edition 1939, 

D. Sauodcr's coippany: Philadelphia and London. 

The inferior tcsical artery. It usually arises by a common trunk with the middle 
rectal artery and supplies the infcrolatcral aspects of the urinary bladder, terminal 
portion of the ureter and sometimes the vas deferens. 

The middle rectal artery. It usually arises in common with the inferior vesical 
artery but it may spring from the anterior trunk immediately below the patent por- 
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lion of the obliterated umbilical artery. It supplies the rectum and ends by anas- 
tomosing with the inferior and superior rectal arteries. It also supplies the urinary 
bladder, prostate and the seminal vesicles. 

The vaginal artery. The vaginal artery of the remale replaces the inferior 
vesical artery of the male and supplies the vagina, vestibule, the bladder and the 
adjoining portions of the rectum. It helps in the formation of the azygos artery of 
the vagina (see below). 

Uterine artery. It arises from the anterior trunk of the internal iliac artery 
and nuts medially in the levator ani muscle in parallel to the lateral side of the 
ureter. It then ascends over the lateral fornix of the vagina to reach the side of the 
cervix uteri where it lies at a distance of 2 cm. from the cervix and crosses in front 
of the ureter and then ascends upwards in between the two layers of the broad liga- 
ment. Coursing along the side of the uterus it reaches the junction of the uterus 
with the uterine tube and then runs laterally below the uterine tube towards the 
litltmt of the ovary and ends by anastomosing with the ovarian artery. It supplies 
branches to the uterus, uterine tube, round ligament of the uterus and the vagina. 

The vaginal branches of the uterine artery anastomose with the vaginal arteries 
and form two median longitudinal arteries known as the azygos arteries of the vagina. 
One of them passes in front of the vagina while the other passes behind it. 

Obturator, artery. It arises from the. ventral division of the internal iliac 
artery and runs downwards and forwards on thcjatcral wall of the pe lvis to reach 
the obturator foram en v. h crc_il_is.p lacf d above t he obt urator vein anff bcIow~thc 
ohTuntrnrn erv<% Then it passes through the obturator canal and finally divides into 
anterior and posterior branches. In the pelvis it is related medially to the ureter 
and the vas deferens. In the female it lies in the floor of the ovarian fossa and is 
separated from its lateral surface by the parietal peritoneum. 

Branches : 

(1) Iliac. (4) Anterior. 

(2) Vesical. (5) Posterior. 

(3) Pubic. 

Iliac branches. They pass to the iliac fossa where they supply the jliacus muscle 
and provide ii nutrient branch which supplies the ileum and finally its branches 
anastomose with the branches of the iliolumbar artery. 

Vesical branch. The vesical branch or branches run medially to supply the 
urinary bladder. 

Pubic branch. It arises from the obturator artery immediately before it leaves 
the pelvic cavity. It runs upwards on the pelvic surface of the pubis and ends by 
anastomosing with the fellow ofits opposite and with the pubic branch of the inferior 
epigastric artery. 

interior branch. It is one of the terminal branches and is given out from the 
obturator artery outside the pelvic cavity (all other branches arise from it within 
the pelvic cavity) and runs forwards and then follows round the margin of the obtu- 
rator foramen and finally ends by anastomosing with the posterior branch and with 
the medial circumflex femoral artery. It supplies the adjacent muscles. 

Posterior branch. It runs backwards around the margin of the obturator foramen 
and ends by anastomosing with the anterior branch and with the medial circumflex 
femoral artery. It provides an acetabular branch to the hip joint which enters the 
acetabulum through the acetabular notch below the transverse acetabular ligament 
and supplies the head of the femur and its ligament. 

Abnormal obturator artery. An abnormal obturator artery (normally 
the obturator artery arises from the anterior trunk of the internal iliac artery) arises 
from the inferior epigastric artery and descends cither vertically downwards to the 
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upper part of the obturator foramen or it curves round the medial margin of the 
femoral ring before reaching the obturator foramen. 

■\Vhcn it descends vertically downwards to the obturator foramen it lies in con* 
tact with the external iliac vein and is situated on the lateral, side of the femoral ring 
and the artery lias the least chance to be involved in the operation of femoral hernia. 

When it lies on the free margin of the pectineal part of the inguinal ligament 
there is every possibility of its being involved in the operation because it almost 
completely surrounds the neck of the hernial sac. 

The obturator artery may also arise from the posterior trunk of the interna! 
iliac, from external iliac oi from the superior gluteal artery. 

Internal pudendal artery, course. The internal pudendal artery arises from 
the anterior ti unk of the internal iliac artery and emerges from the pelvic cavity 
between the piriformis and the coccygcus and enters into the gluteal region through 
the louer part of the greater sciatic foramen below the piriformis muscle and then 



Tig. 629. The deep structures of the perineum. , 

On the leu wde, the superficial perineal fascia (of Colics) has been incised and retracted to show the 
contents of the superficial perineal compartromt. On the right side the structures of the deep perineal 
compartment are exposed through an incision in the inferior fascia of the diaphragm. Note the 
position of the internal pudendal artery. 

With the land permission from: Calenders Surgical Anatomy 2nd edition 193*3, \V. B. Saunder’s 
company : Philadelphia and London. 

crossing the back of the ischial spine it passes to the lateral wall of the ischiorectal 
fossa through the lesser sciatic foramen. It then enters the perineum and courses 
along the ischiopubic rami to reach the subpubic angle where at a distance of about 
half an inch from the inferior pubic ligament it ends by dividing into deep and dorsal 
arteries to the penis or clitoris. 

Relations. In the pelvis it lies in front of the piriformis muscle, sacral plexus 
of ncneS and the inferior gluteat artery. In the gluteal region the pudendal nerve 
lies medial to it and the nerve to the obturator intemus lies on its lateral side andit is 
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covered by the gluteus maximus muscle. In the inchioreclal fossa it lies in the pudendal 
canal and the dorsal nerve of the penis or clitoris lies above it and the perineal nerve 
lies below it. In this situation it lies at a distance about H inches from the ischial 
tuberosity. * 

Branches : 

(1) Muscular. Muscular branches arise both in the pelvis and in the gluteal 
region and supply the muscles in the pelvic cavity and in the gluteal region. 

(2) Inferior rectal. It arises from the internal pudendal artery as it lies in the 
pudendal canal and crossing the ischiorectal fossa transversely it reaches the anal 
region and after supplying the anal canal it anastomoses with the superior and middle 
rectal arteries. 



Fig. 630. Contents of the deep perineal compartment. 

Note the position of the internal pudenda! artery. 

With the kind permission from : Calenders Sunrical Anatomy 2nd edition 1939, W. B. Saundcr’* 
company: Philadelphia and London. 


(3) Scrotal or labial. It- arises from the internal pudendal artery in front of the 
inferior rectal artery and passes forwards either superficial or deep to the transversus 
perinei superficialis and then traverses the interspace between the bulbospongiosus 
and the ischiocavemosus, supplies these muscles and ends in the skin of the scrotum. 

(4) Transverse perineal. It arises from the internal pudendal artery as it passes 
deep to the perineal membrane and passes transversely over the transversus perinei 
superficialis and anastomoses with the fellow of its opposite side. 

(5) Urethral. It pierces the perineal membrane and enters the corpus spon- 
giosum penis. 

(6) Deep artery of the penis or clitoris. It is one of the terminal branch of the 
interna! pudendal artery and arises in the deep pouch of the perineum. After 
piercing the perineal membrane it pierces the crus penis and supplies the erectile 
tissue. 
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anastomosing with the median sacral artery. Some of its branches pass through 
the lower anterior sacral foramina and are distributed in the same manner as the 
superior lateral sacral artery. 



Tig. 632. The gluteal region, bade of the thigh and a part of llic tipper leg have been exposed. 
Note the positions of the arteries. 

Trom the dissection hall, N, R. Sircar Medical College, Cal; with the lind permission from 
the Trof. of Anatomy. 


Superior gluteal artery. The superior gluteal artery is the largest branch 
of the internal iliac artery and arises from its posterior trunk. It at first Lies between 
the lumbosacral nerve trunk and the first sacral nerve and then emerges out of the 
pelvic cavity through the greater sciatic foramen above the piriformis muscle. After 
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that it divides into superficial and deep branches. It is covered by the gluteus 
maximus muscle in the gluteal region. 

The superficial branch enters into the deep surface of the gluteus maximus muscle 
and supplies tlus muscle; some of its branches pierce the gluteus maximus and anas- 
tomose with the brandies of the inferior gluteal artery and the posterior branches from 
the lateral sacral artery. 

The deep branch soon divides into superior and inferior branches. The superior 
branch runs along the upper border of the gluteus minimus to the anterior super- 
ior iliac spine and anastomoses with the deep circumflex iliac artery' and with the as- 
cending branch of the lateral circumflex femoral artery. The inferior branch crosses 
the gluteus minimus muscle obliquely and ends by anastomosing with the lateral 
circumflex femoral artery. One of its brandies enters the trochanteric fossa and anas- 
tomoses with the inferior gluteal artery and the ascending branch of the medial cir- 
cumflex femoral artery. 

Inferior gluteal artery. It is the larger terminal branch of the anterior 
trunk of the internal iliac artery and passes dow nwards in front of thc- p iriformis 
muscle and the sacral plexus of nerves and the internal pudendal artery. JjLihcn 
emerges out of the pelvic cavity through the greater sciatic fo ramen below the piri - 
frirmk jimrlf In the gluteal region it passes downwards along with the sciatic 
nerve and the posterior femoral cutaneous nerve and finally it is continued to the 
back of the thigh where it ends by anastomosing with the perforating branches from 
the artcria profunda feraoris. 

Branches : Inside the pelvic easily, 

(1) Muscular. Muscular branches in the pelvis supply the piriformis, leva- 
tor ani and the coccygeus. 

(2) Vesical? It supplies the fundus of the bladder, seminal vesicles and the 

prostate. ' 

(3) Branches supplying thefal around the rectum, 

Oulrirfe the pelvic easily: 

(1) . Muscular . Muscular branches supply the gluteus maximus, hamstring 
muscles and the lateral lotators of the thigh. They anastomose with 
superior gluteal; obturator, internal pudendal and the medial circum- 
flex femoral arteries. 

(2) Coccygeal branches. They pierce the sacrotuberous ligament and supply 
the gluteus maximus and tlic structures attached to the’ back of the 
coccyx. 

(3) Artcria eomitans rum ischiadui. It is a long slender branch which accom- 
panies the sciatic nerve for a short distance and then penetrates into it. 

(4) Anastomosing branch. It descends downwards and joins in the cruciate 
anastomosis at the lower part of the greater trochanter. 

(3) Articular branch. It_ supplies the capsule of the hip joint and "may'arisc 
from the anastomosing branch. 

(G) Cutaneous branch. The cutaneous branches supply the skin of the but- 
tock and the hack of the thigh. 

Femoral artery. Course. The femoral artery begins ns a direct continua- 
tion or the external iliac artery* from opposite the middle of the inguinal ligament 
and passes downwards and medially to the opening in the adductor magnus opposite 
the junction of the middle with Use lower-third of the thigh and ends by passing 
into the popliteal fossa through its opening in the adductor magnus. Its upper part 
lies m the femoral triangle whereas its lower part lies in the sub-sartorial canal. 

Bela lions in the femora! triangle: 

Anteriorly: 

(1) Skin, superficial and deep fasciae and superficial circumflex iliac veins. 
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Fig. 633. The structures of the femoral triangle. 

From the dissection hall, N. R. Sircar Medical College, Ca); with the kind permission from 
the Prof, of Anatomy. 


(2) Superficial inguinal lymph glands. 

(3) Anterior layer of the femoral sheath. 

(4J Femoral branch of the genitofemoral nerve — it lies at first in front 
of the artery in the lateral compartment of the femoral sheath and 
then passes to its lateral side. 

(5) Medial cutaneous nerve of the thigh — it crosses the artery from lateral 
to the medial side opposite the apex of the femoral triangle. 


Posteriorly; 

(1) The posterior layer of the femoral sheath separates it from the psoas, 
pectineus, nerve to the pectincus and the adductor longus from 
above downwards and medially. 

(2) The psoas separates it from the capsule of the hip joint. 

(3) The femoral vein and the profunda vessels separate it from the pec- 
tineus and the adductor longus. 


Laterally ; 

Femoral nerve lies on the lateral side of the femoral artery', being 
separated from it by the lateral wall of the femoral sheath. The sap- 
henous nerve and the nerve to the vastus medialis both lie on the 
lateral side of the artery but the former is medial to the latter. The 
medial cutaneous nerve of the thigh lies at first laterally and then 
crosses in front of it to its medial side opposite the apex of the triangle. 
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Medially: 

Femoral vela is its medial relation but opposite lire apex of the femoral 
triangle tire vein lies posterior to the artery. 


Blanches in the femoral triangle: 

(1) Superficial circumflex iliac artery. 

(2) Superficial epigastric. 

(3) Superficial external pudendal. 

(4) Deep external pudendal. 

{5) Muscular. 

(6) Arteria profunda femoris. 

Development. The femora! artery u the continuation of a branch from the iccondary omb. 
heal artery proximal to the origin of the axial artery of the lower limb from it. The proximal portion 
of this branch forms the external iliac artery. 

The primary umbilical artery v.hicfi arises from the dorsal aorta migrates caudalty to fuse with 
the fourth lumbar intersegmental artery {common iliac) and forms the secondary umbilical artery. 

Anomalies. Tile external line artery, and its continuation, the ftnvral artery, may be too small 
to terminate into the arteria profunda femoris. Wien this condition exists the inferior gluteal artery 
follows the sciatic nerve to pan to the popliteal fossa and replaces the frmoral nrtery. fn rare cases 
the femoral artery may split into two trunks below the origin or the arteria profumln femoris and 
reunite again before passing into the popliteal fossa; occasionally the femoral artery may lie joined 
jtviih a xasa abermru coming from liter external iliac artery and thus there may lie two femoral arteries 
in the upper part of the thigh. The artena profunda femoris may be absent and the branches front 
it in such condition arise directly from the femoral. Occasionally the femoral artery may give origin 
to an abnormal nrtery, the long i aphtnous arltry (normally present in many mammals) below the arteria 
profunda femoris and accompanies the saphenous nerve as Ctr as the media! side of the foot. 

(1) Superficial circumflex iliac artery. This is smallest of the superficial branches 
of the femoral artery and may arise by a common trunk with the superficial epigastric 
arteiy. It pierces the deep fascia above and lateral to the saphenous opening and 
passes upwards and laterally parallel to the inguinal ligament and lying a little distal 
to it. It becomes subcutaneous near the anterior superior iliac spine. It supplies 
the skin, superficial fascia and the superficial inguinal lymph glands and anastomoses 
tvith superior gluteal, lateral circumflex femoral and the deep circumflex femoral 
arteries. 

(21 Superficial epigastric. It arises from the front of the femoral artery and beco- 
mes superficial bv piercing tire cribriform fascia. It passes upwards and medially 
and reaches the abdominal wall by crossing superficial to the inguinal ligament and 
then further ascends upwards and medially in between the tu o layers of the superficial 
fascia of the abdomen to the umbilicus where it ends by anastomosing with Ihe 
branches of the infcrioi epigastric artery and also with the fellow of its opposite side. 
In its course it supplies the skin, superficial inguinal lymph glands and the subcuta- 
neous tissue. 

(3) Superficial external pudendal. It arises from the medial side of the femoral 
artery and pierces the cribriform fascia covering the saphenous opening and passes 
upwards and medially. It crosses superficial to the spermatic cord in the male and 
the round ligament of the uterus in the female. It is distributed in the skin of the 
suprapubic region, scrotum and penis in the male and in the female, labia and mom 
pubis. It anastomoses with the deep circumflex iliac and internal pudendal arte- 
ries. 

(4) Deep external pudendal. It is a comparative larger branch and is more deep- 
ly and distally placed. It passes medially in front of the pcctincus and the adduc- 
tor longus deep to the fascia lata. It pierces the fascia lata at die medial side of the 
thigh and supplies the skin of the scrotum and perineum in the male and the labium 
majus in the female. It anastomoses with the scrotal or labial brandies of the in- 
ternal pudendal artery. 

(5) Mtuatlar branches. The muscular branches from the femoral artery supply 
^ the sartorius, vastus medialis and the adductor muscles of the thigh . 
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(6) Arteria profunda femoris. Course. The arteria profunda femoris arises from the 
postero-latcral aspect of the femoral artery about 1 \ to 2 inches below the inguinal 
ligament. At first it rum downwards and laterally on the iliacus lying lateral to the 
femoral artery. Then it curves medially behind the femoral artery to reach the'in- ' 
terval betwccifth e pectineus and the adductor longus. After that it descends down- 
wards under cover ol the adductor longus uhd lies successively upon the adductor 
brevis and the adductor magnus. Reaching the lower one-third of the thigh it 
pierces the adductor magnus and ends by anastomosing with the superior muscular 
branch of the popliteal artery. 

Relations: 

Anteriorly: 

(1) Femoral vessels — The profunda vein separates it from the femoral 
vessels as it crosses posterior to them. 

12) Profunda vein. 

(3) Adductor longus. 

Posteriorly: In order from above downwards and medially. 

(1) Iliacus. 

12) Pectineus. 

(3) Adductor brevis. 

(4) Adductor magnus/ 

Laterally: Vastus medialis. y* 


Branches: 

11) Lateral circumflex femoral. 

(2) Medial circumflex femoral. ^ 

(3) Perforating. y* / 


(1) Lateral circumflex femoral artery. It arises from the lateral aspect 
of tile nrtrri .t pmfund.T -rW/-. tn if«. origin and passes laterally in front of the 

vastus intermrdius and behind the sartorius and rectus femoris and acco mpa nies 
the muscular branches of the femoral-nerves-'- It divides into ascending,- descending 
and transverse brandies. 

The aseendirnftifanck runs upwards behind the tensor fasciae latae to the region 
of the anterior superior iliac spine where it ends by an astomosing with the dee p nV-_ _ 
cumfle x iliac an d the superior glute n! arteries— It provides muscular branches which 
supply thc^reetus femoris, gluteus xnedius et minimus and an articular branch which 
passes in between the two limbs of the iliofemoral ligament and supplies the hip joint. 

The descending branch is the largest of all and is usually multiple. They descend 
downwards In company with the nerve to the vastus lateralis and follow rig the an- 
terior margin of the vastus lateralis they reach the upper part of the knee joint where 
one of its branches pierces tire vastus lateralis muscle and ends by anastomos ing 
the sup erior lateral genicular branch of the popliteal artery. In its co urse it supplies' 
the adjacent muscles and its muscular branches anastomose with the perforating 


arteries. 

The transverse branch is the smallest of all and passes laterally in front of the 
vastus intermedius and pierces the vastus lateralis. One of its branches pierces 
through the insertion of the gluteus maximus and reaches the lower part of the 
greater trochanter where it anastomoses with the transverse branch of the medial 
circumflex femoral artery, i nferior gluteal alia ^_.ui d ~t?ic-fif3t-perfera4ing a rtery to 
form xhWTTixicUf-cxmTZfnosisr ~~ 


(2J"'Medial circumflex femoral artery. It is smaller than the lateral cir- 
cumflex femoral artery and arises fro m the postero-medial aspect of th e arteria 
profunda femoris. It winds-roundihe medial aspecFoi the lemur and at first passes 
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between the psoas and pectineus, then between adductor brevis and obturator ex- 
termss and finally it reaches the intermuscular space between the quadrants femoris 
and the upper part of the adductor magnus where it divides into ascending and 
transverse and acetabular branches; 

The ascending branch runs upwards along the tendon of the obturator ext emus 
in front of the quadratus femoris and reaches the trochanteric fossa where it ends by 
anastomosing with the gluteal arteries. 

The transverse branch passes to the lower part of the greater trochanter and 
takes part in the formation of the cruciate anastomosis. 

The acetabular branch arises from it at the upper border of the adductor brevis 
and then enters into the acetabular fossa in company with the acetabular branch of 
the obturator artery' behind the transverse acetabular ligament and supplies the struc- 
tures in the acetabular fossa. 

(3) Perforating branches. The perforating branches arc so named because 
they perforate the a^Jdufiltuijnagttiisjyid reach the back of the thigh. They are 
usually three in number and each passes through an osseo-aponeurotic opening 
formed by the arched tendinous fibres of insertion of the adductor magnus and 
the linea aspera of the femur. They give out muscular, cutaneous and anastomosing 
branches and becoming much reduced in size they pass deep to the short head of the 

MtttM. CUIANtOUS Nl^vTbflHl tHlCM 



bleeps femons, pierce the lateral intermuscular septum and finally enter into the 
vastus lateralis. Each perforating artery dirides into ascending and descending 
brandies The ascending branch of the first perforating artery joins in the cruciate 
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anastomosis while its descending branch anastomoses with the second perforating 
artery. 

The second perforating artery anastomoses with the first and third perforating 
arteries by its ascending and descending branches. The third perforating artery 
anastomoses belo w with the terminal end of the nrtrrin prohmria EmZSsIwEeEISsr 
often called the fourth perforating a rtery mus c ular hr an c h-ofi 

the popliteal aricCyT The perforating arteries suppl y the m iwWnmihi» back and 
form a chain of anastonrmesUm4he4>«drTrfTlie thighT 


Relations of the femdrahtTUfy in the adductor canal : 

Anteriorly : 

(1) Skin, superficial and the deep fasciae. 

(2) Sartorius. 

(3) Sub-sartorial plexus of nerves. 

(4) Aponeurotic roof of the canal. 

(5) Saphenous nerve. It crosses superficial to the artery from lateral to 
the medial side. 


Posteriorly: 

(1) Femoral vein (in the upper part of the canal and posterolateral to 
the artery in the lower part or the canal). 

(2) Adductor kmgus et magnus. 


Laterally: 

(1) Vastus mediatis muscle. 

(2) Nerve to the vastus medialis. 

Medially: 

(1) Adductorlongus. 

(2) Adductor magnus. 


Branches in the adductor canal: 

(1) Muscular. 

(2) Descending genicular. 


(1) Muscular branches. They supply the muscles on the floor of the adductor 
canal. 

(2) Descending genicular. It arises from the femoral artery immediately before 
it passes through the opening in the adductor magnus. After giving a saphenous 
branch it runs downwards through the substance of the vastus medialis to reach 
the medial aspect of the knee joint where it anastomoses with the superior medial 
genicular artery. It supplies muscular branches to the vastus medtalis and adductor 
magnus and an articular branch which joins in the anastomosis around the knee 
joint and supplies the same. 

The saphenous branch of the descending genicular artery pierces the aponeuro* 
tic roof of the adductor canal in company with the saphenous nerve. It descends 
between the sartorius and gracilis to the medial side of the knee joint and supplies 
the skin over the upper and medial part of the leg and finally anastomoses with the 
medial inferior genicular artery. 

Cruciate anastomosis below the greater trochanter of the femur. An 
arterial arch is formed at the lower part of the greater trochanter of the femur by 
the union of the transverse branches from the lateral and die medial circumflex 
femoral arteries. This is joined from below by the ascending branch of the first 
perforating artery and is joined from above by the anastomosing branch of the in- 
ferior gluteal artery; The anastomosis thus formed at the lower part of the grratcr 
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trochanter of the femur resembles a St. Andrew’s cross and is called as the entente 
anastomosis. 

The perforating brandies of the arteria profunda femoris anastomose with one 

another by descending and 
ascending branches, the fourth 
perforating artery anastomosing 
below with the superior mus- 
cular branch of the popliteal 
artery. In the gluteal region 
the brandies of the Lateral and 
the medial circumflex femoral 
arteries anastomose with the 
brandies of the gluteal artciies. 
Thus an important chain of 
anastomosis extends from the 
gluteal region to the popliteal 
fossa. They arc formed as 
follows : 

(1) Gluteal arteries anas- 
tomose with the branches of 
the lateral and the medial 
circumflex femoral arteries. 

(2) The circumflex femo- 
ral arteries anastomose with 
the perforating branches of the 
arteria profunda femoris. 

(3) The fourth perforating 
artery anastomoses with the 
superior muscular branch of the 
popliteal artery. 



Popliteal artery. Course . 
The popliteal artery’ is the 
direct continuation or the femo- 
ral artery and begins from the 
>peningof the femoral artery 
in the adductor magnus oppo- 
site the junction of the middle- 
third with the lower-third of 
the thigh. At first it runs 
downwards and laterally to the 
intercondylar fossa of the femur, 
then It runs vertically down- 
wards to the lower border of 
the popliteus where it ends by 
dividing into the anterior and 
the posterior tibial arteries. 

Relations. Anteriorly, from 
above downwards, it is related 
to the popliteal surface of the 
femur, back of the knee joint 
and the fascia covering the 
popliteus. 

. . Posteriorly and above, it is 

overlapped by the semimembranosus. Posteriorly and below, it is covered by the 
two heads of the gastrocnemius. 
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In the middle of the fossa it is covered only by the skin, superficial fascia, deep 
fascia and some quantity of fat. In ibis situation it is crossed from lateral to medial 
side by the medial popliteal nerve arid the popliteal vein; the nerve being separated 
fiom the artery by the vein. The articular branch of the obturator nerve (post, 
division) lies posterolateral to the artery. 
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1 F'g. 636. The dissection of the popliteal fossa. 

From the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission from 
• the Prof, of Anatomy. 

Laterally and above it is in relation to the medial popliteal nerve, popliteal vein, 
the biceps femoris and the lateral condyle of the femur. Laterally ana below it is 
related to the lateral head of the gastrocnemius. 

Medially and above it is in relation to the semimembranosus and the medial con- 
dyle of the femur. Medially and below it is in relation to the medial popliteal nerve, 
popliteal vein and the medial head of the gastrocnemius. 


Branches: 

Cutaneous. — ^ 
Muscular : 

(i) Superior. 
(«) Sural. 


Terminal : 

(i) Anterior tibial. 

(ii) Posterior tibial. 
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Genicular : 

(i) Superior : («) Middle. 

(a) Lateral. (»») Inferior: 

(£) Medial. (a) Lateral. (b) Medial. 

Devrioprornt. Tlie praxmat portion of the popliteal artery is fonned by that persisting portion 
of the axial artery which intervene between its arteria communicaiu superior. and the upper border 
of die popliteus muscle. Its dutal portion is formed by the fusion of the proximal part of the primi- 
tive posterior tibial and the peroneal arteries. 

Anomalies. In rare cases the popliteal artery may anse as a direct continuation of the inferior 
lluteal artery (persistent axial artery). The popliteal artery may occasionally divide into three 
terminal branches, anterior tibial, posterior tibial 3nd peroneal; the sural branch of the popliteal artery 
may enlarge sufficiently to form a large artery, the short saphenous artery which may accompany the 
sural nen c to the letcral aspect of the foot. 

Cutaneous branches arise either from the popliteal artery or from some of its branches 
and descend between the two heads of the gastrocnemius and after piercing the 
deep fascia they accompany the short saphenous vein and are distributed to the 
skin on the back of the leg. 

Muscular branches are superior and sural. («) The superior muscular branches 
artsc fiom the artery immediately below the superior angle of the fossa and end by 
supplying the adjoining muscles and by anastomosing with the fourth perforating 
branch of the arteria piofunda femoris. (») The sural branches are two large 
collateral arteries that pierce the adjoining muscles (gastrocnemius, solctis and 
plamaris) and end by supplying them. 

Genicular branches arc superior, middle and inferior, (i) The superior genicular 
arteries are two in number, each arising from either side of the artery immediately 
above the knee joint. Eacli artery winds round the corresponding condyle and divi- 
des into branches which end in the arteria! anastomosis in front of the knee joint, 
(it) The middle genicular artery arises from it opposite the middle of the knee joint 
and pierces the oblique posterior ligament to supply the structures in the intercondylar 
fossa. (m> The inferior genicular arteries arc two collateral branches arising from 
it below the corresponding condyle of the tibia to end into the arterial anastomosis 
in fiont of the knee joint. 

The popliteal artery divides into its terminal branches (the anterior and poster- 
ior tibial arteries) at the lower border of the popliteus. 

Arterial anastomosis around the knee joint. The anastomosis around 
the knee joint is placed in front of the knee joint and consists of arterial arches which 
surround the patella and the contiguous margins of the condyles of the tibia and the 
femur. It consists of superficial and deep networks and is formed by the different 
genicular arteries anti by the descending branch of the lateral circumflex femoral 
artery. Tire superficial network is ill-defined and lies in the subcutaneous tissue in 
front of the patella and behind the ligamentum patella. The deep set of network 
forms distinct arches which lie both above and below the patella and surround the 
condyles of the tibia and the femur close to their articular surfaces. 

Superficial network forms three ill-defined arterial arches of which one lies. in 
the subcutaneous tissue in front of the patella and two of them lying in the fat behind 
the ligamentum patellae. 

Deep nduork. It consists of four distinct arterial arches of which two are placed 
above the patella and the two below the patella; the transverse arches are again 
connected with one another by vertical branches. The arrangement of the network 
is as follows : ( 

(1) The descending branch of the lateral circumflex femoral artery anastomo- 
ses with the. descending genicular branch of the femoral artery and forms 
an arch which lies behind the quadriceps femoris tendon and above the 
patella. 
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side of the aitrry in the lower part of the leg. The artery is accompanied by a pair 
of venae conutantcs. j 

Branches: 

(1) Anterior tibial re- 
current. 

(2) Posterior tibial 
recurrent. 

(3) Muscular. 

(4) Anterior medial 
malleolar. 

(5) Anterior lateral 
malleolar. 

Development. The ante- 
rior tibial artery is formed by 
the arteria communions mr- 
dius, the persisting short seg- 
ment of the axial artery below 
the pophtcus, the perforating 
branch of the axial artery in 
this situation and by die primary 
anterior tibial artery from the 
ventral capillary plexus. 

Anomalies. Theanterior 
tibial artery may be absent and 
replaced by the branches from 
the posterior tibial and the 
peroneal arteries. The terminal 
part of the dorsalis pedis may 
occasionally replace the lateral 
plantar artery. 

(а) Anterior tibial re- 
current. It arises from it 
ns soon as it reaches the 
front ofthe leg and ascends 
upwards through the 
fibres of the tibialis ante- 
rior and finally ends in the 
anastomosis in front of the • 
knee joint. 

(б) Posterior tibial re- 
current. It arises from the 
anterior tibial artery in 
the posterior compart- 
ment of the leg and 
ascends upwards to join , 
in the arterial anasto- 
mosis around the knee 
joint. 

(c) Muscular. They 
are numerous and supply 
the muscles in this region. 

(</) Anterior medial 
malleolar. It arises fiom 



r “T* &1 °- _ The di*«tion of the aniero-Iatrrnl region ofthe leg. 
Note the relations of the anterior tibial artery 
with the rxtemor tend on*. 

rrem Ite duiOTio,, loll, K. R . Sircar Med, cal CM- 

with the kind permission from the Prof, of Anatomy. 


‘""""•“"ly above the article joint anti passes medially 
' na "omodnr,iTif f' c ' tl ““ r , ,allua, longue and tibialis anterior and ends by 
anastomosing with the branches or the posterior tibia! arteries. 

hove d, eSelS , .1 i 1 ' ar “ c \ r "»" 'be anterior tibial artery immedia tely 

J id passes laterally beneath die extensor digitorum Jongus and 
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metis tertius tendons to reach the lateral surface of the lateral malleolus where 

ndx by anastomosing with the perforating branch of the peroneal artery and the 

rat tarsal artery. 

Arteria dorsalis pedis. Course. I t begins as a direct continuation of the 
cri or tibia! artery opposite the mid -point between tltr lateral and the medi a 1 
jcolj ^amLpaw^/QmnrtLs toThe nfo.xim.il part of the first intermetatarsal snare . 
:n by passing bcmec njhe tw o head s of t he first d orsal fme rossc mis rnnscje it ends 
inastomo sin g wit hjhg lateral p lantar art e ry to complete the plantar ar ch. 


COMMUNICATING BRANCH TO 
HUSCUtOCUTANEOUJ NERVE 
FROM SURAL NERVI 


SURAL NERVE' 


ARTERIA DORSALIS PEDIS 

ME01AL BRANCH OP 
ANTERIOR TlB'AL NERVE 
TENDON Of EXTENSOR 
OIGtTORUM IONGUS 



COMMENCEMENT 
OF LONG SAPHENOUS 
VE/N 


Fig. 639- ' The dissection of the dorsum of the left Toot. 

Note the relations of the arteria dorsalis pedis. 

From the dissection hall, N. R. Sircar Medical College, Cal; with the kind permission from 
the Prof, of Anatom}. 


Relations: ■ ■ 

Anteriorly. It is covered by the skin, superficial iascia and the inferior extensor 
nnaeuhim. The first tendon of the extensor digitorum brevis crosses in front 
it just before it dips into the sole of the foot. 
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Posteriorly - It lies successively upon the articular capsule of the ankle joint, 
talus, navicular, intermediate cuneiform bones and the ligaments connecting these 
three bones. 

Laterally. It is related to the first tendon of the extensor digitorum longus and 
the medial branch of the anterior tibial nerve. 

Medially. It is related to the extensor hallucis longus tendon. 

Branches : 

(1) Tarsal: 
la) Lateral. 

(b) Medial. 

(2) Arcuate — forms an arch on the dorsum of the foot. 

(3) First dorsal metatarsal. 

(1) Tarsal branches. They are two in number, one medial and one lateral; the 
medial branch arises from its medial side and passes to the medial margin of the 
foot where it ends by anastomosing with the branches from the medial plantar 
artery. The lateral branch passes laterally beneath the extensor digitorum brevis 
to reach the lateral margin of the foot where it ends by anastomosing with the 
branches from the peroneal, anterior lateral malleolar and lateral plantar arteries. 

(2) Arcuate branch. It arises from its lateral side opposite the base of the fust 
metatarsal bone and passes laterally beneath the extensor digitorum brevis to reach 
the lateral margin of the foot where it ends by anastomosing with the branches of 
the lateral plantar artery. In its course it forms an arch with a forward convexity 
and from its convex margin it gives out three dorsal matatarsal arteries (2,3 and 4), 
one for each of the lateral three interosseous spaces. Each dorsal metatarsal artery 
reaching cleft between the toes divides into two collateral arteries for the digits. 
From the lateral extremity of the arch a twig passes to the lateral side of the little tow. 

(3) First dorsal metatarsal artery. It arises from the dorsal is pedis artery opposite 
the point from where it turns plantarwards. It provides a twig which supplies the 
medial side of the great toe and then divides into two collateral branches which 
supply the contiguous sides of the first and the second toes. 

Posterior tibial artery. Course. The posterior tibial artery commences at the 
bifurcation of the popliteal artery opposite the lower border of the popliteus muscle- 
It descends downwards and medially to reach the interval between the medial 
malleolus and the medial tubercle of the calcaneum where it lies beneath the flexor 
retinaculum and finally divides into medial and lateral plantar arteries behind 
the origin of the abductor hallucis muscle. 

Relations. It lies successively upon the tibialis posterior, flexor digitorum 
longus, lower end of the tibia and the back of the ankle joint. Above it is covered by 
the gastrocnemius, plantaris, solcus and the deep transverse fascia of the leg; below 
it is covered by the flexor retinaculum and the abductor hallucis; in the intermediate 
position (lower-third of the leg) it is covered only by the skin and the fasciae and in 
this situation it runs at a distance of about one inch in front of the tendo-calcaneus. 
The posterior tibial nerve at first lies on its medial side, then crosses posterior to it 
to gain its lateral side. Behind the flexor retinaculum, medially it is related to the 
tendons of the flexor digitorum longus and the tibialis posterior, and laterally, to the 
posterior tibial nerve and the tendon of the flexor hallucis longus. The posterior 
tibial vein lies in close contact with the artery. 

Development. The posterior tibia] artery represents the primitive posterior tibia] branch of 
the axial artery of the lower limb. 

Anomalies. The posterior tibial artery may be absent or too small. Its place is taken over 
by the branches from the peroneal artery.' The peroneal branch ©f the posterior tibial artery may 
arise directly from the popliteal or it may arise in a common trunk with the anterior tibial artery. 
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Branches: 

(1) Circumflex flbular. It joins in the anastomosis around the knee joint. 

(2) Peroneal artery. Coarse and relations. The peroneal artery arises from the 
posterior tibial artery about one inch below the lower border of the popliteus muscle 
and passes downwards 
and laterally to the medi- 
al crest of the fibula and 
then runs vertically down- 
wards along the medial 
crest to the back of the 
inferior tibio-fibular joint 
where it ends by dividing 
into calcaneal branches. 

At its origin it is co- 
vered by the soleus and 
the deep transverse fascia 
of the leg and then as it 
passes along the medial 
crest of the fibula it lies 
within a fascial canal 
which intervenes between 
the tibialis posterior in 
front and the flexor 
hallucis longus behind. 

Branches: 

(a) Muscular bran- 
ches — They sup- 
ply the adjacent 
muscles. 

. (6) Nutrient artery 

to the fibula. 

(e) Perforating bran- 
ch — It perforates 
the interosseous 
membrane about 
2 inches above 
the lateral mal- 
leolus and anas- 
tomoses with the 
anterior lateral 
malleolar artery. 

(d) Communicating 
— -It arises from 
the peroneal arte- 
ry about 2 inches 
above the lower 
end of the tibia 
and ends by an- 
astomosing with 
the communicating branches from the posterior tibia! artery. 

(e) Calcaneal or terminal — They pass io the back and Lateral aspect of the 

heel where they anastomose with the anterior lateral malleolar and cal- * 
caneal branches of the interior tibial artery. 

(3) Muscular. Muscular branches supply the deep muscles of the back and the 
soleus. .» 
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(4) Nutrient. It enters die tibia through the nutrient foramen below the soleal 

line. 

(5) Omnuimrafinf. It joins the communicating branch, of the peroneal artery 
by passing deep to the flexor hallucis longus about 2 indies above the lower end of 
the tibia. 

(6) Medtal malleolar. It ends in the medial malleolar network. 

(7) Calcaneal. The calcaneal branch pierces the flexor retinaculum and anas- 
tomoses with the calcaneal branches of the peroneal artery, 

(8) .Medial plantar. It is one of the terminal branches and is distiibuted to the 
sole of the foot along with the medial plantar nerve. Reaching the space between 
the abductor hallucis and the flexor digitorum brevis it divides into branches and 
becomes much reduced in size. It supplies the adjacent muscles and gives three 
super-ficial digital branches which join with tire 1st, 2nd and 3rd plantar metatarsal 
arteries and also supplies one for the medial side of thc.grcat toe. 


TWOOHOF 

rmoNiuj iongus 
with m fibrous 

SHfATH 


TENDON OF FltXOR' 
HALLUC15 IONGUS 
'CUT) 

TENDON OF KEXOR 
digitoruh iongus' 
(CUT) 



FLEXOR Diem MINIMI BREVIS (CUT) 
LATERAL FLANTAR ART ERE 


•LONG fLANTAR LIGAMENT 


F 'S- 64 !' , The d . ef P dissection of the sole of the right foot. 

- , rsot 5 the formation of the plantar arch and its relations. 

From the dissection hall, N. R. Sircar Medical College, Cal; tvilh the land permission from 
the Prof, of Anatomy. 


(9) Lateral plantar artery. The lateral plantar artery is the larger terminal branch 
of the posterior tifaial artery and begins from under cover of the abductor hallucis 
and passes laterally to reach the interval between the flexor digitorum brevis and 
s abductor digiti minimi; the lateral plantar nerve accompanies it on its medial 
side, riien accompanying the deep branch of the lateral plantar nerve it courses 
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to the medial side of the foot beneath the oblique head of the adductor hallucis 
and reaches the first interosseous space where it ends by anastomosing with the 
artcria dorsalis pedis to complete the plantar arch. 

Plantar arch. It is the direct continuation of the lateral plantar artery and begins 
from opposite the level of the base of the fifth metatarsal hone and extends medially 
to the proximal part of the first interosseous space where by anastomosing with the 
arteria dorsalis pedis it completes the plantar arch. The arch lies deep to the oblique 
head of adductor hallucis and in its course the convexity of the arch is directed 
forwards. The following are the branches from the arch : 

(1) Perforating tranches. They arc three in number and each ascends upwards 
between the two heads of the second, third and the fourth dorsal interosseous mus- 
cles respectively ami end by anastomosing with the corresponding dorsal meta- 
tarsal arteries. 

(2) Plantar metatarsal arteries. The) 1 are four in number and each runs forwards 
between two metatarsal bones with the interosseous muscle and reaching the cleft 
between the digits divides into two plantar digital arteries which supply the adjacent 
sides of the toes. Near the point of division each plantar metatarsal artery gives 
out the anterior perforating branch which anastomoses with the dorsal metatarsal 
artery. The first plantar metatarsal artery arises from the point of union of the 
lateral plantar artery and the artcria dorsalis pedis. It gives out a digital branch 
which supplies the medial side of the great toe. The digital branch supplying the 
lateral side of the little toe is derived from the lateral plantar artery from opposite 
the base of the fifth metatarsal hone. 

THE VEINS 

THE VEINS OF THE SCALP 

The veins draining the scalp consist of supratrochlear, supraorbital, super- 
ficial temporal, posterior auricular and occipital veins. The supraorbital and the 
supratrochlear veins unite to form the facial (anterior facial} - " vein, the superficial ~ 
temporal ~gfKlllrc~m aMll.Try (internal maxil lary) veins unite to form the retromandi- 
f bular (posterior facial) vein; the "posterior auricular vein unites with the posterior 
division of the retromandibular vein to form the external jugular vein. The occipital 
vein endj into the sub-occipital venous plexus. 

The supratrochlear vein. It begins in aTehous network over the region of 
the forehead which becomes confluent to form a single vein close to the median 
plane. The single thus formed descends cfottnuards in parallel tilth the fellow 

of the opposite sjde to the root of the nose where they are joined together by a trans- 
verse venous channel known 3s the rmal arch—. Each vein then descends to the medial 
angle of the orbit where it unites with the supraorbital vein to form the facial (anterior 
facial) rein. The venous network at the origin of the supratrochlear vein communi- 
cates with the frontal tributaries of the superficial temporal vein. 

The supraorbital vein. It begins in the region of the zygomatic process of 
the frontal bone where it communicates with the superficial and the middle temporal 
veins. It then runs transversely mcdialwards along the upper part of the supra- 
orbital margin of the frontal bone under cover of the orbicularis oculi and reaching 
the medial angle of the orbit it unites with the supratrochlear vein to form the facial 
vein . 

The superficial temporal vein. It begins in a plexiform network on each 
side of the vertex of the skull which is drained by two veins, anterior and posterior. 
The anterior and the posterior veins descend downwards and unite together above 
the zygomatic arch to form the superficial temporal vein. It is then joined by the 
middle temporal vein and descends further downwards by crossing the posterior root 
of the zygomatic process of the temporal bone and enters into the substance of the 


HUMAN ANATOMY 


7-16 

parotid gland where it unites with the maxillary vein to form the retromandibular 
(posterior facial) vein. The venous network at the commencement of thc^ super- 
ficial temporal \cin communicates with the fellow of its opposite side, with the 
supraorbital, supratiochlcar and posterior auricular veins and with the occipital vein. 


Tributaries: 

(1) Some veins that drain the parotid gland. 

(2) Anterior auricular vein draining the auricle. 

(3) Articular \eins draining the temporomandibular joint. 

(4) Transverse facial vein draining the face. 

(5) Middle temporal vein draining the temporal region and the lateral 
part of the eye lids. 

The posterior auricular vein. It begins as a venous plexus on each side 
of the head which converges to a single vein which descends behind the ear and 
reaching the lower end of the parotid gland it joins the posterior division of the 
retromandibular vein to form the external jugular vein. The stylomastoid vein and 
some veins from the posterior part of the auricle form its tributaries. 

The occipital vein. It also beings in a plexiform network on the back of the 
head and by piercing through the origin of the trapezius muscle it enters into the 
sub-occipital triangle where it ends by joining with the deep cervical and vertebral 
veins to form the sub-occipital unous plexus. It may, however, terminate into the 
posterior auricular, internal or external jugular vein. 

It communicates with the superior sagittal sinus by the parietal emissary vein 
and with the transverse sinus by tne mastoid emissary’ vein. 

THE VEINS OF THE INFRATEMPORAL REGION 

The pterygoid venous plexus. As the name implies it is a venous plexus 
situated between the pterygoid muscles but it also intervenes between the latter 
muscles and the temporalis muscle in the infratemporal region of the skull. The 
plexus is formed by the confluence of the spheno-palatine, pterygoid, deep temporal, 
masseteric, buccal, dental, middle meningeal, greater palatine veins and the inferior 
ophthalmic vein. Thus all the above veins become confluent to form the maxillary 
vein. 

The pterygoid venous plexus communicates with the (anterior) facial vein 
through the deep facial rein and with the cavernous sinus through the emissary veins 
that pass through foramen ovale, lacerum and the emissary sphenoidal foramen and 
through the inferior ophthalmic vein. 

Tbe Maxillary (internal maxillary’) vein. It is a short venous channel that 
accompanies the first part of the maxillary artery and is formed by the union of the 
veins of the pterygoid venous plexus. It intervenes between the sphenomandibular 
ligament and the neck of the mandible and runs backwards into the parotid gland 
where it unites with the superficial temporal vein to form the retromandibular (pos- 
terior facial) vein. 

Tbe retromandibular (posterior fecial) vein. It is formed by the union 
of the maxillary and the superficial temporal veins within the substance of the parotid 
gland where it lies between the ferial nerve -superficially a nd the external ja rotid 
v a rtery deeply. It ends by divicHng into anterior and posterior mancTicsT -The 
aTucnorbraireh joins with the facial vein whereas the posterior branch joins with 
the posterior auricular vein to form the external jugular vein. 

THE DIPLOIC VEINS 

The diploic veins occupy’ die diploic of die cranial bones and are characterised 
by that thin walls, irregular’ oudine with pouch-like dilatation and free communi- 
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cation between each other and with the veins both inside and outside the cranium. 
They have no valves and structurally their walls consist of a single layer of endothe- 
lium supported externally by a layer of clastic tissue. The diploic of the cranial 
bones begin to appear at about the second year after birth and subsequently the 
diploic veins begin to appear and, therefore, the diploic veins arc absent in the skulls 
of the children below two years. 

Situation end number. There arc usually five chief veins on each side ; frontal, 
two anterior temporal, one posterior temporal, and one occipital diploic vein and a 
few smaller veins. 

Frontal diploic vein. It is lodged within the diploic of the frontal bone and ends 
by opening in the supra orb i tal vcini >v passing through a small opening in the roof 
of the supra orbitar n !>X£}i. ft communicates with the superior sagittal sinus and with 
the cavernous sinuTthrotigh the supraorbital vein and its communication with the 
superior ophthalmic vein. 


V. emote* TFMJO IUIIS *WTM)OA 



Fig. 642. The diploic veins oT the skull. 

With the kind permission from: Calenders Surgical Anatomy, 2nd edition 1939, 

W. B. Saunder'i company : Philadelphia and London. 

Anterior temporal diploic veins. The two anterior temporal deploic veins descend 
downwards, one in front of and the other behind the coronal suture and end into 
the sphenoparietal sinus by piercing through the greater wing of the sphenoid. 
They may also end into the anterior deerTtcmpmal tri m * — ' 

Posterior temporal diploic vein. It is lodged within the diploie of the parietal bone 
and descends downwards to the mastoid region where it pierces through the inner 
table to terminate into the transversesinus. 

Occipital diploic vein. It is the largest diploic vein which is confined within 
the occipital bone and it ends by opening into either the occipital vein or into the 
transverse sinus. 

Smaller diploic veins. They open into the venous lacunae in association with 
the superior sagittal sinus by piercing through the inner table of the parietal bone. 

THE VEINS OF THE NECK 

External jugular vela. The external jugular vein is the largest of the super- 
ficial veins of the neck and drains the blood from the exterior of the cranium, deen 
part of the face and the superficial part of the neck. 7 " 
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It is formed by the union of the posterior auricular and the posterior division of 
the retromandibular (posterior facial) veins at or below the level of the angle of the 
mandible. Then it descends obliquely backwards and downwaids across the sterno- 
cleidomastoid muscle and reaches the subclavian triangle where it pierces the deep 
fascia and ends by opening into the subclavian vein. Its courses in the neck can be 
represented b> a line drawn from the angle of the Inaudible to the middle of the 
clavicle. It is coveted by skin, superficial fascia and platysma. It is separated 
front the sternocleidomastoid muscle by the imesting layer of the deep cervical 
fascia. In its course downwards ovei the sternocleidomastoid muscle it crosses the 
transverse (anterior) cutaneous nerve of the neck, and the great auricular nerve runs 
upwards in parallel to its upper part. Near its termination, where it pierces the 
deep cervical fascia, it is adherent to the latter at the circumferential margin of the 
opening m the same. 

It is provided with two pairs of valves, the lower one is situated immediately 
ahovc its termination into the subclavian vein and the upper one being placed at a 
distance of about 14 inches above it. In between these two pairs of valves the vein 
presents a dilatation known as the struts of (he external jugular tcin. 

Tributaries : 

(1) Posterior external jugular vein. 

(2) Transverse cervical. 

(3) Suprascapular. 

(4) Anterior jugular. 

(5) Communicating to the internal jugular. 

(6) Occipital (sometimes). 

(7) Cephalic (rarely). 

The transient eenical and suprascapular iriru accompany the corresponding arteries 
at the root of the neck. 

The posterior external jugular vein. It begins in the region of the back of the head 
anti receives tributaries from the skin and superficial muscles of the postcro-superior 
part of the neck and it ends by opening into the middle of the posterior border of the 
external jugular vein. * 

The anterior jugular vein. The anterior jugular veins arc arranged in pairs, one 
on each side of the median plant, in the region of the front of the neck. Each anterior 
jugular vein begins in the region of the submental triangle by the union of several 
smaller veins from the submandibular region an d descends vertically downwards 
between the anterior border ol the sternocleidomastoid and the middle line to the 
root of the neck and is covered by the skin, superficial fascia and platysma. At the 
root of the neck it turns latcrallyand passes in front of the sternohyoid and stcrnq thy-— ' * 
roid, and behind the sternocleidomastoid muscles and ends by operung into the 
external jugular vein just before its termination. It may, however, terminate into 
the subclavian vein in some cases. At the root of the neck opposite the suprasternal 
notch the two anterior jugular veins are communicated together by a transverse 
venous channel known as the, ytzular a rch. Each anterior jugular vein communicate! 
also with the internal jugularvein. - 

Some laryngeal veins, a vein from the thyroid gland and some subcutaneous 
veins in the region of submandibular triangle form its tributaries. 

Internal jugular vein. The internal jugular vein begins as a direct conti- 
nuadon of the sigmoid sinus at the base of the skull in the posterior compartment 
of tnc jugular foramen. At its origin it forms a dilatation known as the sttperior bulb 
which is eontained in the jugular fossa of the temporal bone and is separated from the 
floor of the tympanic cavity by a thin osseous lamina. The vein next runs downwards 
through the neck being contained in the carotid sheath and reaching behind the 
sternal end of the clavicle it unites with the subclavian vein to form the brachioce- 
phalic vein. Near its termination it forms a second dilatation, the inferior bulb of 
the internal jugular vein. 
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Relations. Posteriorly, the vein is related to the transverse processes of the 
cervical vertebrae, the rectus capitis lateralis, longus capitis, levator scapulae, cervical 
plexus of nerves, scalenus anterior muscle and the phrenic nerve, and at the root 
of the neck, it is related posteriorly to the first part of the subclavian artery, origin 
of the vertebral artery and the thyrocervical trunk. On the left side the thoracic 
duct forms an additional posterior relation. The transverse cervical and supras- 
capular arteries intervene between it and the scalenus anterior muscle. 



Anlero-medially, immediately below the skull, arc the internal carotid artery 
and the last four cranial nerves; in the rest of its extent it is in relation, medially, 
first to the internal and then to the common carotid artery. The vagus nerve lies 
posleromtdial to it. 

Superficially , the internal jugular vein is covered by the sternocleidomastoid 
muscle throughout its entire extent; close to its upper end it is crossed by the styloid 
process, the stylopharyngcus and stylohyoid muscles and the posterior belly of the 
digastric. In the lower part of the neck it is crossed by the inferior belly of the 
omohyoid muscle and covered by the sternohyoid and the sternothyroid muscles, all 
of which lie under cover of the sternocleidomastoid muscle. In between the digastric 
and omohyoid it is crossed by 'the nervus descendents cervicalis from the second and 
the third cervical nerves. Opposite the transverse process of the atlas it is crossed by 
the accessory nerve and the occipital and posterior auricular arteries. The anterior 
jugular vein passes laterally in front of it being separated from it by the sternohyoid 
and sternothyroid muscles. The deep cervical lymph nodes lie along the course 
of the vein mainly on its superficial aspect. 


Tributaries : 

(1) Inferior petrosa! sinus. 

(2) A vein from the cochlea. 

(3) Pharyngeal. 

(4) Facial. 


(5) Lingual. 

(6) Occipital. 

(7) Superior thyroid. 
(6) Middle thyroid. 
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The thoracic duct opens into the angle of junction between thejeft subclavian 
and the left internal jugular veins and the right lymphatic duct opens into the angle 
of union between the right subclavian and the right internal jugular veins. 



Inferior primal sinus. It is the first tributary of the internal jugular vein and 
comes out of the cranial cavity through the anterior part or the jugular foramen 
and runs, downwards and backwards crossing the 9th, 10th and the 11th cranial 
nerves and finally terminates into the superior bulb of the internal jugular vein. 

Cochleae rein. It drains the internal ear and comes out through the opening in 
the fioor of the triangular depression on the inferior surface of the petrous part of 
the temporal bone. 

Pharyngeal veins. They drain the pharyngeal venous plexus an the outer wall 
of the pharynx and also receive the vein of the pterygoid canal and open into the 
internal jugular vein. 

The facial (anterior facial) vein. Formation. It is formed at the root of the nose 
on the medial angle of the orbit by tbe union of the supratrochlear and the supra- 
orbital veins. 

Course and relation. After its formation at tbe root of the nose it lies superficial 
to the facial artery and descends downwards and backwards to the lower margin 
of tbe orbital opening. Then it descends further downwards and backwards across 
the check lying at a considerable distance posterior to the facial artery and passes 
deep to the zygomaticus major, risorius and platysma and reaches the anterior border 
of the masseter muscle. Then it crosses superficial to the antcro-mferior part of 
the masseter muscle and the body of the mandible to reach its lower border where 
it comes into intimate relation with the facial artery and lies posterior to it. Then 
it rum obliquely downwards and backwards on the inferior surface of the aubmandi- 
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bular gland nnd then crosses superficial to the digastric and stylohyoid muscles, the 
j loop of the lingual arterv, the hypoglossal nerve and the external and the internal 
carotid arteries and finally it ends by opening into the internal jugular vein close 
to the greater cornu of the hyoid bone. In its course in the neck it is covered by the 
platysma muscle and is joined by the anterior division of the retromandibular vein 
(posterior facial vein) anteroinferior to the angle of the mandible. 


Tributaries: 

(1) Veins from the ala nasi. 

(2) Deep facial vein from the pterygoid venous plexus. 

(3) Inferior palpebral vein. 

(4) Superior and inferior labial veins. 

(5) Buccinator vein. 

(6) Parotid vein. 

(7) Masseteric vein. 

(8) Tonsillar. 1 

(9) Submental. 1 < 

(101 Ascending palatine. ( In the neck. . 

(II) Submandibular. - j 


rln the face. 
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Occasionally the vmae enmitantes of the hypoglossal nerve and the pharyngeal 
and the superior thyroid veins may open into the facial vein. 

Commit flit aliens : 

(1) !l communicates with the cavernous sinus by a vein which joins the 
supraorbital vein with the superior ophthalmic vein. 

(2) It communicates with die cavernous sinus through the deep facial vein 
and pterygoid venom plexus. The deep facial vein connects the (anterior) 
facial vein with the ptcr>goid venous plexus vs Inch in turn communicates 
with the cavernous sinus by emissary veins which pass through foramen 
ovale, laccrum and emissary sphenoidal foramen, and by the inferior 
©phthatraic vein. 



Surgical Importance. It drains the dangerous area of the face, i.e., the upp fr 
lip, septum of the nose, aLi of the nose and the adjoining areas and communicate* 
wuh tot cavernous sinus. _ Any infection starting in this area may cause thrombosis 
of the (anterior) facial vein and an infected embolus may be dislodged and carried 
into the cavernous sinus causing thrombosis of the same which is extremely danger- 
ous. 'lids it the reason that this area drained by the (anterior) facial vein is called 
the dangerous wne of the fire. _ The (anterior) facial vein has no valves and owing 
to the absence of the deep fascia it lies directly on the muscles which expose it 
constant movement. The above anatomical facts lead to two things; it helps in 
the dblcdgement of the clot and causes rapid spread of the infective process. Due 
to this rapidly spreading infection ©f the face, it may be necessary to put a ligature 
on the vein. 
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Deep facial vein. It comes from the pterygoid venous plexus and emerges on to 
the face between the anterior border of the masseter and the suctorial pad. It ends 
by opening into the (anterior) facial vein. 

Lingual veins. The veins draining the tongue arc dorsales linguae veins, profunda 
linguae vein and the venae comitans nervi hypoglossi. 

Dorsales linguae veins drain the dorsum and the sides of the tongue and unite with 
the lingual veins accompanying the lingual artery and finally terminate into the 
internal jugular vein. 

Profunda linguae rein drains the undersurface and the region of the tip of the 
tongue. 

Venae comitans nervi h)poglossi. The profunda linguae vein joins with the sub- 
lingual vein to form the venae comitans nervi hypoglossi which accompany the 
hypoglossal nerve and after coursing backwards they end in the internal jugular 
vein. 


Superior thyroid vein follows the superior thyroid artery and teiminates into the 
internal jugular vein. 

Middle thyroid rein drains the lower part of the thyroid gland and a part of the 
trachea and larynx and ends into the lower part of the internal jugular vein after 
crossing the common carotid artery. 


THE EMISSARY VEINS 


J 


The emissary veins. The emissary veins arc the smaller venules which pass 
through. minute, apertures on the cranium and establish communications between 
thc' ccrcbr al sinuses and the veins outside the cranium. 

PecuiiartiiesT (1) Emissary veins are devoid of any valves; (2) blood can flow 
in both the directions; (3) the walls of these veins are formed only by the endothelium 
and there is no muscular coat. 

Functions. Emissary veins being communicated to the cerebral sinuses, conges- 
tion of these sinuses can be relieved by applying leeches or counter-irritants over 
the site of an emissary vein. : As btood can flow in both the directions, the intra- 
cranial equilibrium of venous pressure "is maintained through these emissary veins. 

Situation and number. The following emissary veins can be enumerated and 
their respective situations are given below : 


(a) An emissary vein passes through the foramen caecum of the frontal bone 
and connects the superior sagittal sinus with the v eins of the nasal fossa or the 
(anterior) f acial vei n through a tribu tary which passes through "the opening in the 
nasal bone. ~~ 


(&) Parietal, emissary veins, one on each side, pass through the parietal fora- 
mina and communicate it with the oc cipital vein. 




2. Emissary veins connected with the transverse sinus: 

(a) Two mastoid emissary veins, one on each side, pass through the mastoid 
foramina and connect the sigmoid part of the transverse sinus with the posterior 
auricular or the occipital vein. 

(b) Two poster ior con dylar veins, one on each side, pass through the posterior 
condylar canals and connect the sigmoid or the lower ends of the transverse sinuses 
with the plexus of veins in the suboccipital triangles. 

(r) Two anterior cond ylar emissary veins, one on each side, pass through the 
anterior condylar-canal’s and connect the sigmoid part of the transverse sinus with the 
internal ju gular vei n. 
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(rf) Ah emissary \ ein passing either through the post-glenoid foramen or through 
the squamosal foramen connects the external jugular vein with the transverse sinus 
via the petiosquamous sinus. This is not usually constant. 

3, Emissary veins connected with the caiernous sinuses : 

(a) An emissary vein passing through the foramen ovale connects the sinus 
with the pterygoid venous plexus. 

(A) An emissary vein passing through the emissary sphenoidal foramen connects 
it with the pterygoid venous plexus. » 

(r) An emissary vein passing tin ough the foramen lacertim connects it with 
the pterygoid venous plexus. 

{d) A plexus of veins accompanying the internal carotid artery connects the 
cavernous sinus with the p harynge al ple xus of ve ins. — 

(c) The middle meningeal veins or sinuses, which passthrough the foramen 
spinosum, sometimes behave like an emissary vein and connect the sinus with the 
phary ngcal* plexus of veins. 

(Jj In a sense, the ophthalmic veins may he considered as emissary veins because 
blood can flow through them in an opposite direction that is, from the cranium to 
the orbit and along the tributaries which connect the ophthalmic vein with the 
(anterior) facial vein and along the channels which connect the ophthalmic vein 
tin ough the inferior orbital fissure, with the veins or the infratemporal region. 

JVB Etnissarv \riru arr nf great surgical importance Inflammatory process starling outside 
ibe skull may spread into the cerebral smusrs through the emissary veins and thereby may lead to 
thrombosis of the same. 


THE VEINS OK THE ORBIT 

(a) Superior ophthalmic inn. It accompanies the ophthalmic artery and readies 
the medial angle of the orbit where it communicates with the (anterior) fadal vein. 

(A) Inferior ophthalmic icin. It lies below the optic nerve and is joined with a 
vein which passes through the inferior orbital fissure to end in the pterygoid venous 
plexus. 

The ophthalmic veins after receiving numerous tributaries pass backward 
through the gap between the two heads of the rectus lateralis and soon arc joined 
together to form the cavernous sinus. 


THE SINUSES Or THE DURA MATER 

The sinuses of the dura mater may be conveniently grouped in the following 

ways : 

(1) Sinuses present in the median plane: 

(a) Superior Sagittal Sinus. It lies along the upper border of the falx 
cerebri and begins opposite the crista galli of the ethmoid bone "where it sometimes 
receives a vein from the nose which passes through the foramen caecum of the frontal 
bone. It also receives the superior cerebral veins, veins from the pericranium, 
some meningeal \ rins and some venous lacunae from the dura mater. Opposite 
the internal occipital protuberance it ends either into the right or into the left 
transverse sinus (usually to the right). 

There are three venous lacunae, frontal, parietal and ocdpital, which arc 
nnected with each side of the superior sagittal sinus. They are irregular expan- 
ms of the superior sagittal sinus and are traversed by irregular fibrous strands 
tcraally and into them the arachnoidal granulations protrude. Tims they* form 
c chief drainage point for the return of the G. S. fluid into the blood of the superior _ 
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2. Sinuses present in the higher horizontal plane: 

Sphenoparietal Sinus. They are two in number, one on each side, and lie 
alonrr the posterior border of the lesser wing of the sphenoid bone. Each begins 
by the union of the small venules draining the dura mater and ends into the cavernous 
sinus* 4 

3, Sinuses present in the loner horizontal plane: 

Cavernous Sinus. Each cihyemous sinus is placed on the side of the body 
..-''of the sphenoid bone and measures abou t 2 cm. in length a nd I cm. in bread th. 

formation, course and termination. Each is formed, at the medial end. of the 
superior cubital fissure, b> the union of the superior and inferior ophthalmic veins 
and then passes backwards to the apex of the petrous part of the temporal hone 
where it ends by dividing into superior and inferior petrosal sinuses. 

Relations. Medially each cavernous sinus is related to the hypophysis cerebri 
and the sphenoidal air sinus; posteriorly it is related to the envum trigeminale 
containing the semilunar ganglion of the trigeminal nerve. Laterally it is related 
to the temporal lobe of the brain in the region of the uncus. 

In a section through the cavernous sinus, it is found to contain in its interior, 
the following structures: 

(1) Internal carotid artery surrounded by the plexus of sympathetic nerves 
passes forwards dose to the medial wall of the sinus. 

(2) Abducent nerve lies on the infero-lateral aspect of the internal carotid artery. 

i,3) Lying on the lateral wall of the sinus in order from above downwards arc 

the following nerves : 

(a) Oculomotor, ( b ) Trochlear, (c) Ophthalmic and (d) the Maxillary nerves. 
Communications : 

(1) It communicates with the transverse sinus through lire superior petrosal 
shim. 

(2) With the internal j u gular vein through the inferior petrosal sinus. 

(3) With the pterygoid venous plexuses through the emissary veins which pass 
through the foramen ovale, foramen laccrum, and emissary sphenoidal foramen 
(\csahi). 

(41 With the (anterior) facial vein through the superior ophthalmic vein and 
through pterygoid venous plexus and deep facial vein. 

(5) The two cavernous sinuses communicate with each other by the anterior 
and posterior intercavernous sinuses and the network of basilar sinuses. 

(6) It a mmunicatcs with the superior sagittal sinus through the superior 
anastomosing vein and the superficial middle cerebral veins. 

(7) It communicates with the transverse sinus through the inferior anastomosing 
vein and the superficial middle cerebral veins. 

Tributaries: 

(1) Superior ophthalmic vein. 

(2) A branch from the inferior ophthalmic vein. 

(3) Superficial middle cerebral veins. 

(4) Some inferior crrcbral veins. 

(5) Central vein of the retina. 

(6) Anterior trunk of the middle meningeal sinus (sometimes). 

Peculiarities. The peculiarity of the cavernous sinus is that its lumen is traversed 
by certain structures, as mentioned above, a feature which is not found in any other 
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veins in our body. These structures are separated from the blood by the lining 
membrane of the sinus. Instead of draining into a larger vein, as is usual with 
most of the veins, It ends by dividing into superior and inferior petrosal sinuses. 

Its cavity, which is irregular in shape is interlaced by numerous fibrous strands 
which give it the appearance of the cavernous or spongy tissue and hence the sinus 
is well named as 'cavernous' sinus. 

Development. The anterior part of the primary head vein, which lies medial to the trigeminal 
ganglion,’ forms the cavernous sinus. * * *“ 

The primary heed-rein. The anterior cardinal veins which are the earliest intra-embryonic, paired 
longitudinal veins extending from the region of the eye to the sinus senosus, are divisible into cephalic 
nucha! and thoracic parts. The cephalic part of each anterior cardinal vein extends from the optic 
stalk to the medial aspect of the eleventh cranial nerve and then becomes continuous with its nuchal 
part. In its course it hes medial to the trigeminal ganglion, the otic vesicle, and the seventh to the 
eleventh cranial nerves. Subsequently, at a later date, the cephalic portion of the anterior cardinal 
vein that tics medial to the otic \ csicle and the cranial nerves mentioned above disappears and u 
replaced by a secondary >icic vein which lies lateral to the otic vesicle and the cranial tiers «- Hus new 
secondary vein follows the course of the facial-nerve, becomes extracranial and terminates into the 
nuchal part of the internal jugular \cin. After the formation of this secondary r enous channel the itcm-itsstl 
of the head is called the primary head-ton. 

Transverse sinuses. They are two in number, right and left, and run mostly 
transversely, hence the name “transverse sinus’* and dram the blood from the supe- 
rior and the inferior sagittal sinuses respectively to the corresponding sigmoid sinus. 

The right transverse sinus . Origin, course and termination. It begins as a direct conti- 
nuation of the superior sagittal sinus at a confluence, the confluence of sinuses (the 
bulbous dilatation at the point of meeting between the terminal end of the superior 
sagittal sinus and the commencement of the transverse sinus) at which the superior 
sagittal sinus takes a change in direction from the sagittal plane to the horizontal 
plane and is situated on the right side of the internal occipital protuberance. 

It then runs horizontally lateralwards and forwards to lie in a groove successively 
on the squamous part of the occipital bone, mastoid angle of the parietal bone, 
mastoid portion of the temporal bone and the jugular process of the occipital 
bone. Then it comes out of the cranial cavity through the posterior compart- 
ment of thcjugular foramen and becomes continuous with the internal jugular 
vein. In its course from the right side of the internal occipital protuberance 
to the mastoid process of the temporal bone it lies in between the two layers of 
the tentorium cerebelli and then it leaves the tentorium and is covered only by 
a fold of the meningeal layer of the dura mater. The S-shaped portion of 
the sinus that extends from the mastoid part of the temporal bone to the posterior 
compartment of the jugular foramen is known as the sigmoid sinus. Anteriorly the 
sigmoid part of the transverse sinus is separated from the tympanic antrum and 
the mastoid air cells by a thin plate of bone. The tentorial part of the transverse 
sinus 3s triangular on cross-section whereas the sigmoid sinus is semicircular on 
cross-section. 

Tributaries; 

Internal auditory veins — draining the internal ear. 

Some veins draining the temporal lobe of the cerebrum, pons and the medulla 

oblongata. 

Some of the superior and inferior cerebellar veins. 

Temporal and occipital diploic veins. 

Superior petrosal sinus — Just after its exit from the tentorium. 

Occipital sinus at the confluence. 

Petrosquamous sinus, when present. 

Comwiimcalionr.* > - 

It communicates with the opposite transverse sinus. 

It communicates with the posterior auricular or the occipital vein through the 
mastoid emissary vein passing through the mastoid emissary foramen. 
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It communi cates with the vertebral veins by an emissary vein passing through 
the posterior condyloid foramen. 

It communicates anteriorly with the external jugular vein by an emissary vein 
passing either through the post-glenoid or the squamosal foramen. 

The left transverse sinus. It is smaller than the right transverse sinus and 
begins as a continuation of the straight sinus. It receives tributaries from the 
central ganglia of the cerebrum. Its course is similar to that on the right side. 

Inferior petrosal sinuses. They are two in number, one on each side and 
eacji of sinuses begins at the bifurcation of the cavernous sinus and running 
obliquely downwards, backwards and laterally along the groove on the lateral 
aspect of the superior surface of the basilar part of the occipital bone, it reaches 
the anterior part of the jugular foramen. Then it comes out through the ante- 
nor compartment of the jugular foramen and after crossing the 9th, 10th and the 
Ulh cranial nerves it ends into the internal jugular vein and forms itsfrst tributary. 

Two superior petrosal sinuses. One on each side, begin at the bifurcation 
or the cavernous sinus and running along the groove on the superior border of the 
petiom part of the temporal bone where it lies in between the two layers of the 
tentorium cercbclli it ends into the transverse sinus. 


minuses running transversely and connecting the paired sinuses of opposite sides: 

(a) Anterior intercavernous sinus. It lies at the anterior bolder or die 
diaphragm scllae and connects the two cavernous sinuses to each other anteriorly. 

(S) Posterior intercavernous sinus. It lie, at the posterior border of the 
each othcT * C an “ connccts the posterior part of the two cavernous sinuses to 

if « ® a f ilar Pl«*«s or sinus. It lies on the basilar part of the occipital bone 
and connects the two mfcrioi petiosal sinuses to each other. 

the sinuses of the dura mater may also be grouped in the following ways: 

( 1 ) Postero-superior group ; 

{a) Superior sagittal (<*) Two transverse 

(b) Inferior sagittal (rt Two sigmoid 

w Straight (/) Occipiul 

(2) Antero-inferior group: 

rnom . (e) Two inferior petiosal 

(8 I* 0 ?P wnopanetal (/) Basilar 

t r? vcrnous , (g) Middle meningeal, 

o superior petrosal ° 

VEINS OF THE BRAIN 

ua n ThwSS? S t bra ‘ n 1 < !i frcr *J° m othcr veins in that they arc devoid of any muscular 

cither into the snnr ” ‘l 1 2 * * * * * * * * * * * * * 16 ) - * ^ accompany the cerebral arteries; the veins opening 

° r imo thc transver se sinuses drain their Mold in a 

wall which*' * °f tf,e current of the blood in the sinuses. They have a fibrous 
Eire S e endothelium. They have an important bearing in that 

traverse the ° f 1 ,e j Ura ma,er > int o which they open, they are to 

cerebrospinal fluid a " d consequently are subjected to pressure of the 

3r in T,5 r^ * n !° Ulc venous stream against its current the 
pressure which Is sufRrim! u 1D »pcded thereby increasing their intraluminal 

? interact the pressure of the cerebrospinal fluid, 
passage throm-h the m' ccrcbral vc * ns frt >m being collapsed during their 

3^ U S hn0,d SpaCC m Which th ^ arc to the pressure 
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The cerebral veins are divided into superficial or cortical or external and deep or 
internal or central group of veins. The superficial cerebral veins come under the following 
heads: superior , middle , inferior , and the anterior cerebral and basal -veins. The 
deep group of veins includes the internal cerebral, thalamostriate , choroid, inferior striate, 
great cerebral . 

Superior cerebral veins. They are confined to the sulci on the supeiolatcral and 
the medial surfaces of the cerebral hemisphere, although, some may run across the 
gyri, and consist of about 0 to 12 veins. They ascend upwards to the superomedial 
border of each cerebral hemisphere and finally end into the superior sagittal sinus. 
The anterior veins join the superior sagittal sinus at a right angle while the posterior 
ones join it at an acute angle being directed upwards and forwards (opens against 
the stream of the superior sagittal sinus). 

Superficial middle cerebral rein. 1 1 is situated on the lateral surface of each cerebral 
hemisphere, drains this surface and follow's the posterior ramus of the lateral sulcus 
to the basal aspect of the brain to reach the cavernous sinus into which it ends. 
Two anastomosing veins, superior and inferior, connect the superficial middle cerebral 
vein with the superior sagittal sinus and the transverse sinus respectively. Tlius 
the superficial middle cerebral vein being a tributary of the cavernous sinus the 
latter is communicated to the superior sagittal sinus through the superficial middle 
cerebral vein and the superior anastomosing vein and with the transverse sinus 
_ through the superficial middle cerebral vein and the inferior anastomosing vein. 

The deep middle cerebral viin lies in the bottom of the lateral. Sulcus and 
receives tributaries from the insula and the neighbouring gyri and terminates into 
the basal vein. 

Inferior cerebral itins. These veins drain the inferior surface of each cerebral 
hemisphere. Those draining the orbital surface of the frontal lobe open into the 
superior cerebral vein and through it into the superior sagittal sinus. Those drain- 
ing the inferior surface of the temporal lobe terminate into the superficial middle 
cerebral and into the basal vein. 

The anterior cerebral vein follows the anterior cerebral artery, and ends into the 
basal vein; the striate veins drain the deeper structures of the cerebral hemisphere 
and come out through the anterior perforated sulistance. 

Basal vein. It is formed by the union of the anterior cerebral, deep middle 
cerebral and the striate veins in the region of the anterior perforated substance. 
After its formation it runs backwards by the side of the cerebral peduncle and ends 
into the great cerebral vein. 

The cerebellar veins arc the superior and inferior cerebellar veins. The superior 
cereoetTar vein opens into the great cerebral' vein wAife tAe inferior cercCetfar veins open 
into the occipital, sigmoid and inferior petrosal sinuses. 

The choroid plexus and the deep cerebral veins. The choroid plexus is a highly vascular 
fringe of pia mater which secretes cerebrospinal fluid into the different ventricular 
cavities but that in the lateral ventricle is very' much significant in which the bulk of 
the cerebrospinal fluid is secreted by it. The choroid plexus of the lateral ventricle 
is a highly vascular fringe of pia mater which projects into the ventricular cavity 
invaginating the ependymal medial wall of the ventricle and receiving from it a 
complete investment. It extends as far Towards as the interventricular foramen where 
it is continuous with the corresponding plexus of the opposite side. It consists of 
minute and highly vascular villous processes each possessing an efferent and afferent 
blood vessels. The at tenet of the plexus are the anterior choroid artery, a branch of the 
internal carotid artery, which enters the plexus at the anterior end of the inferior 
horn of the lateral ventricle, and one or two posterior choroid arteries, branches of the 
posterior cerebral artery' which enter into the plexus through the upper part of the 
choroidal fissure. The reins of the plexus unite to form a single tortuous vein, the 
choroid rein, which begins in the inferior horn of the • ventricle and courses in the 
plexus to the interventricular foramen where they join with the corresponding 
halamostriale vein to form the corresponding internal cerebral rein. The two internal 
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cerebral veins run in of the tela chorioidea.of the third ventricle and reaching below 
the splcuium of the corpus callosum, where the two layers of the tela chorioidea 
separate from each other, they unite to form the great cerebral vein which curves back- 
wards and upwards behind the splcnium to join the straight sinus. 

THE VEINS OF THE HEART 

Coronary sinus. The coronary sinus is a part and partial of the heart being 
derived from the same source (sinus vrnosus) and forms its largest vein into which 
most of the veins dunning the different parts of the heart open. It measures about 
one inch in length. It is completely buried within the muscular fibres or the heart 
and occupies the posterior part of the atrioventricular groove where it is situated 
in between the left ventricle and the left atrium. In the atrioventricular groove it 
passes slightly downwards to the right part of the same groove and opens into the 
lower part of the right atrium in between the inferior vena cava and the right atrio- 
ventricular orifice. At its opening it is guarded by a valve known as the valve of the 
coronary sinus. 

Tributaries: 

(al Great cardiac vein. (el) Posterior vein of the left ventricle. 

(6) Small cardiac vein. (r) Oblique vein of the left atrium. 

(<■) Middle cardiac vein. 



Fig. 648. The heart viewed from behind. 

, , Note the position of the coronary sinus. 

" ,th “ e * a - nd Permission from Lcderle Laboratories— drawn by Mr. Paul Peck. 
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N.B. Veins not opening into coronary sinus, drain themselves directly into the right atrium of 
the heart. They are (a) Anterior cardiac veins (£) Venae cordis minimae. 

Development. The coronary sinus develops from the left horn of Ike sinus venosus. 

Wilt the formation of the transverse communication between the right and the left anterior 
cardinal veins most of the blood from the latter passes to the right side, and as a result, the left com- 
mon cardinal {left duct of Cuvier) vein becomes such reduced in size; due to migration of the sinus 
\ cnous to the right, the left common cardinal vein together with the proximal portion of the left anterior 
cardinal \ cin is pulled around the developing heart. Subsequently it {duct of Cuvier) is lodged in the 
atrioventricular groove and from its left horn the coronary sinus develops while the left duct of 
Cuvier forms the oblique vein of the left artium. 


The great cardiac vein. It 
lies in the anterior interventri- 
cular groove in company with 
the anterior interventricular 
branch of the left coronary 
artery and receives tributaries 
from the both the ventricles and 
the left atrium. Reaching the 
interval between the left auricle 
and the ascending aorta it takes 
a turn to the right to reach the 
left end of the posterior part of 
the atrioventricular groove 
where it becomes continuous 
with the coronary sinus. 

The small cardiac vein. It 
receives tributaries from the 
) right atrium and ventricle and 
winding the upper part of the 
right margin of the heart it 
reaches the atrioventricular 
groove where it ends by opening 
into the coronary sinus. 



Note the development of the coronas y sinus and the 
oblique vein of the left atrium. 


The middle cardiac vein. It drains the diaphragmatic surface of both the right 
and left ventricles and lies in the inferior interventricular groove in company with 
the interventricular branch of the right coronary artery. It rum upwards and 
backwards to terminate into the coronary sinus. 

The posterior vein of the left ventricle , It also drains the posterior part of the left 
ventricle and runs upwards to terminate into the coronary sinus. 

The oblique vein of the lit atrium. It drains the left atrium and descends obliquely 
downwards tD terminate into the coronary sinus before it enters into the right atrium. 


PULMONARY VEINS 


The pulmonary veins are four in number, two on each side and they carry 
oxygenated blood from the lungs to the left atrium of the heart. The blood conveyed 
by the pulmonary veins is not absolutely pure because of die mixing into it of a small 
amount of blood from the pulmonary artery through the bronchial artery ( Vide 
bronchial artery). 

They begin in a capillary network around the walls of the lung-alveoli which is 
drained by smaller veins which unite together to form larger veins. From each 
lobule of the lung a single vein arises which joins with other lobular veins and ulti- 
mately lobular veins join together and. a single vein comes out from each lobe of the 
lung at its hilum. Thus on the left side there are two pulmonary veins but those 
on the right side are three in number, one from each lobe of the lung. On the right 
s side the vein from the middle lobe joins with the upper lobe vein to form a common 
^ trunk. 
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Course. From the liilum of the lung the pulmonary veins pass medially, pierce 
the pericardium and end by opening into the left atrium of the heart. While 
within the pericardium their anterior surfaces arc covered by the serous pericardium. 

Relations. At the hilttm. The superior pulmonary inn lies in front of and a 
little below the pulmonary artery behind which there lies the main bronchus. The 
inferior pulmonary ton forms the lowest stmctuie and is situated on a plane a little 
posterior to the plane of the superior pulmonary vein. 



1 i£ 6 j 0. 1 lie Anatomy oT the lungj (seen from the front.) 

... i 0 "! thc th'tjositions of the pulmonary \eins and the arteries. 

\\ nil thc kind permission from Lxdcrle Laboratories — drawn by Mr. Taut Peck. 


In the rest of the course. Thc superior right pulmonary vein, in its course to the 
ncart, passes brl it ml t lie superior vena cava while the inferior right pulmonary vein • 
passes behind the right atrium of thc heart. The left pulmonary v eins in their course 
£* 5 I in , in, ? X f U,c descending thoracic aorta. The oblique sinus of the pericardial 
cavity lies in between the four pulmonary veins. 


in eo« n 7 r e tmSTr,t , . < ;i . Du, ^ nR ? r ‘y embryonic l.fe the pulmonary icim originate aj several vessels 
whkh inti. IVi’f r? r l° U * 1,r f ncl, r of £, c lun K buds * They all converge to a eemmern lirgU trunk 
one from tile Irfi dorsal, y- Thus at this stage, two large veins, one from the right and 

of the Wiihe iron'll t“‘ e,r eon J fn !? ,n ‘° ^ *r fl atrium of the heart. Later on, with the growth 
their tributaries rmir •' '2 5r i L re gradually absorbed into the wall of the left atrium and consequently 


nr ° ccasit «l®«y a single pulmonary vein from any of thc two lungs 

? i Iun SS f m 1 a >' lj , c lo« n .d to open into the left atrium of the heart. This 
w-df nr tbl i fa ' Iurc o f l, \ c absorption of the trunk vessel mentioned above into the 
e heart. Occasionally, on the right side, there may be three veins, instead 
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of two, to open into the left atrium. .This is due to more extensive absorption of 
the trunk vessels including their remote tributaries. Occasionally, one of the 
pulmonary veins may be found to terminate either into the superior vena cava, 
left brachiocephalic or into the azygos vein. This anomalous condition may be 
explained by the fact that during the earliest part of the development of the blood 
vascular system, the developing lung bud, the foregut and the trachea are drained 
by vessels which are communicated to each other. Subsequently, with the change 
in vascular pattern, the connection of the pulmonary system of veins with the cardinal 
veins usually disappear but occasionally the above connection may persist giving 
rise to this type of anomaly. 

THE SUPERIOR VENA CAVA 

The superior vena cava. It drains blood from the head and neck, upper 
extremities, thorax and some portion of the abdomen to the right atrium of the 
heart. 

Formation. The superior vena cava is formed by the union of the right and 
the left brachiocephalic (innominate) veins behind the right first costal cartilage 
close to the sternum. 

Coarse and termination. From the level of the right first costal cartilage, it descends 
downwards behind the first intercostal space and reaching the Ie\cl of the second 
costal cartilage it pierces the fibrous pericardium of the heart and opens into upper 
and posterior part of the right atrium of the heart at the level of the right third costal 
caitilage. The portion of the superior vena cava, which lies within the pericardium, 
constitutes the intra-pericardial part while that outside the pericardium, forms the 
extra-pericardial part of the superior vena cava. It measures about 7 c.m. in length 
and in its vertical course it maintains a curvature, the convexity of which is directed 
to the right side. 

Relations. Above and 
anteriorly , it is covered by 
the anterior margin of 
the right lung and pleura. 

Below and anteriorly it is 
covered by the right lung 
pleura and the pericar- 
dium; the right lung and 
pleura above, and the 
right lung, right pleural 
sac and the pericardium 
below, separate the supe- 
rior vena cava from the 
right internal thoracic 
artery, right second and 
the third costal cartilages 
and the right first and the 
second intcrocostal spaces. 

Posteriorly, it is related to 
the root of the right lung 
inferior!)’ whereas the 
right lung and the pleura 
lie postcro-latcral to it fig. 651. The coat \«sc!i of ihe heart in Tctalion to ifir 
above the root of the lung. manubrium sterai, seen from behind. 

The trachea and the right vagus nerve lie posteromedial to it. 

On its left side . is the ascending aorta and the brachiocephalic (innominate) 
artery, and on the ri^ht side it is related to the right phrenic nerve and the mediastinal 
pleura. 
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Tributaries : 

(1) Right and left brancliiocephalic (innominate) veins. 

(2) Some pericardial veins. 

(3) Some mediastinal veins. 

(4) Azygos vein. 

Development. The portion of the superior vena esna above the opening of the azygos vein is 
formed by llic caudal end of the right anterior cardinal vein whereas the portion caudal to the opening 
of the azvgos vein (intra-pcneardial portion) is formed the persistent right duct of Cuvier. 

Right brachiocephalic (innominate) vein. The right brachiocephalic \cin 
is shorter than the left and is formed by the union of the right subclavian vein and 
the right internal jugular vein behind the sternal end of the clavicle. It is about 
one inch in length and it descends vertically downwards to the lower border of the 
cartilage of the first nb whcie it unites with the left brachiocephalic (innominate) 
vein to form die superior vena cava. It lies behind the sternal end of the clavicle 
and the cartilage of the first rib from which it is separated by the parietal pleura and 
the anterini margin of the right lung. Postero-mdially it is related to the brachio- 
cephalic (innominate) aitery and the right vagus nerve. Laterally and below it is 
related to the i lght pleura and the right phrenic nerve. The right phrenic nerve 
and the right pleura lie posterior to it in its upper part. 

It iccencs right internal jugular and right subclavian veins, the right vertebral, 
light internal thoracic (mammary) and right inferior thyroid veins, the first right 
postn iOi intercostal vein and the right lymphatic duct as its tributaries. 

Left brachiocephalic (innominate) vein. It is much larger than die 
right brut luocephalic vein and measures about 6 cm. in length, It is foimcd by 
the union of the left subclavian and the left internal jugular veins behind the sternal 
end of the left clavicle and runs obliquely downwards and to the right to reach the 
steinal end of the right first costal cartilage whcie it joins with the right brachio- 
cephalic (innominate) vein to form the superior vena cava. At its origin it is 
separated fiom the left sterno-clavicular articulation and the manubrium by the 
sternohyoid and the sternothyroid muscles and die remains of the thymus gland. 
In its course to the right it crosses the origins of the left subclavian, left common 
carotid and the brachiocephalic (innominate) arteries, the left phrenic and thejeft 
vagus nerves and the trachea. The arch of the aorta lies immediately below it. 

Tributaries: 

(1) Left internal jugular. 

(2) Left subclavian. 

(3) Left vertebral. 

(4) Left inferior thyroid. 

(5) Left internal thoracic (mammary). 

(6) Left superior intei costal vein. 

(7) Thoracic duct. 

•jUygos vein. Origin. The origin of the azygos vein is constantly variable. 
It may take its origin from the back of the inferior vena cava at or below die level 
or the right renal vein or it may be formed by the union of the right ascending 
lumbar vein and the right subcostal vein opposite the level of the twelfth thoracic 
vertebra. When it arises ftom the inferior vena cava it is called the lumbar aZ)g° s 
tein. The lumbar azygos vein is not always present while the trunk formed by the 
union of the right subcostal vein and the right ascending lumbarwin is constant. 
When the lumbar azygos vein exists, the venous trunk formed by the union of the 
right subcostal vein and the right ascending lumbar vein opens into it. 

Course and relation. Tire lumbar azygos vein, when present, passes in front of 
the upper lumbar vertebrae and enters the thorax either by passing under cover 
of the right crus of the diaphragm or by piercing it or by passing through the aortic 
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opening in the diaphragm. Opposite the level of the twelfth thoracic vertebra it is 
joined by the tributary formed by the right ascending lumbar vein and the right 
subcostal vein. The further course of the azygos vein, whether it arises from the 
inferior vena cava or is formed by union of the right ascending lumbar vein and 
right subcostal vein, is the same in both the eases. It ascends through the posterior 


OESOPHAGUS. 

TRACHEA 


ANONYM A S1N1STRA 
VAGUS 


V PUIMONAUS DSXTRA — 
7 RUNCUS SYM WUHETlClrt-- 
N-SPIANCHNICUS MAJOR — 

ms pulmonale 
PLEURA DiAPHRACMATvCA 
OAPHAAGMA 



VENA CAVA INTERIOR 


PLEURA COSTALK 


Fig. 652. Tnc thoracic carity seen from the right side. The lung has been removed. 

Nate the position of the azygos vein in relation to the root of the lung. 

With the kind permission from: Calenders Surgical Anatomy, 2nd edition 1939, 

\V. B. Sajinber'j Company: Philadelphia and London. 

mediastinum in front of the lower eight thoracic vertebrae, anterior longitudinal 
ligament and the right aortic intercostal arteries. _ Reaching the level of the fourth 
thoracic vertebra it arches over the root of the right lung, and enters the superior 
mediastinum and finally ends by opening into the superior vena cava at the level 
of the second costal cartilage (i.e., just before the superior vena cava pierces the 
fibrous pericardium). In its right side are the right lung and pleura and the greater 
splanchnic nerve. On its left side it is related to the thoracic duct and descending 
thoracic aorta throughout its course in the posterior mediastinum. The arch of the 
azygos vein, above the root of the right lung, is related to the oesophagus, trachea 
and the right vagus nerve on its left side. In the lower part of the posterior medas- 
tinum it is related, in front, with the oesophagus, and higher up, the hilum of the 
right lung forms its anterior relation. 

Tributaries : 

(1) Right posterior intercostal veins from the fourth to the eleventh snaces. 

(2) Right superior intercostal vein. 

(3) Superior and inferior hemiazygos veins. 

(4) Oesophageal veins. 
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(5) Mediastinal veins. 

(6) Pericardial veins. 

(7) Bronchial veins. 





eg. c53 ' 

flodirtiesup*'*" 4 - 


right supra-cardinal veins. 
Tiie persistence of the 
posterior cardinal vein on 
the right side explains the 
origin of the azygos vein 
from the back of the infe- 
rior vena cava. 

Posterior intercostal 
veins. The vein from the 
first intercostal space on, 
both sides, opens into the” 
corresponding brachioce- 
phalic (innominate) vein. 
The second and the third 
intercostal veins on the 
right side unite to form 
the right superior intercostal 
vein which opens into the 
azygos vein. The left Supe- 
rior intercostal vein formed 
by the union of the second 
and the third intercostal 
veins opens into the left 
brachiocephalic (innom- 
inate) vein. The veins 
from the lower eight inter- 
costal spaces on the right 
side open independently 
into the azygos vein. 

The intercostal veins 
from fourth to eighth 
spaces on the left side 
unite to form, on the left 
side, the superior hemiazygos 
vein whereas the veins from 
the remaining interspaces 




c azygos vein. 


the surnMiaW- veins of the upper extremity 

of the upper limb commence in the superficial fascia of the 


The superficial w” 5 o ^ ai yj the digits and they may be giouped as the veins 
...a Horsum 01 , U1C . «i,» vems of the forearm and the arm. 


-dm and dorsum 01 1 “ j t j, e vems ot 

n*r the digit* and h*® the hand. On the dorsum of the digits, the superficial 

The reins e fJ^ fasal digital ^etns^ whiemare two^in number Jn each digit and 


, begin as d ,c C ach other on the dorsum of the digit. Each dorsal digital 
' —tunicate fi r . p ^[ s tal end of the mterxnctacaipal space, is reinforced by' the inter- 
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capitular veins which are draining blood from the venous network on the pahp'bf ‘ 
the hand and passing in between the heads of the metacarpal bones join tfje-'Gorsal 
digital vein. The dorsal digital veins from the contiguous sides of the "Index and 
fc middle fingers, middle and ring fingers and 
the ring and the little fingers, unite together 
ipposite the distal end of the corresponding 
ntennetacarpal space to form the three dorsal 
metacarpal veins. On the dorsum of the hand 
hese three dorsal metacarpal veins are con- 
lected to each other and also joined by the 
iorsal digital vein from the ulnar side of the 
ittle finger and from both the sides of the 
thumb and from the radial side of the index 
ringer to complete the formation of the dorsal 
venous network. From the radial side of this 
/enous network the cephalic vein arises and 
from its ulnar side the basilic vein arises. 

The superficial veins of the volar aspect 
afthe digits form the volar digital veins which 
communicate proximally with the venous 
network on the superficial fascia of the palm 
af the hand. At the distal end of each inter- 
metacarpal space, each palmar digital vein 
is joined with the dorsal digital vein by the 
intercapitular vein. From the palmar venous 
network the median vein of the forearm 
arises. 

Veins 0 / the forearm and am. The super- 
ficial veins or the forearm are the cephalic, 
basilic, the median cubital vein, which con- 
nects the cephalic and basilic veins together, 
and the median vein of the forearm. 

Cephalic vein. It arises from the 
radial side of the dorsal venous network and 
receives the dorsal digital veins from the 
radial side of the index finger and from both 
the sides of the thumb. At its origin it crosses 
.upvjficiatyv Jtbn .radial sxxfrjryjcad JLUr rigdlal 
branches of the radial nerve opposite the ana- 
tomical snuff-box. Then it turns round the 
radial margin of the lower part of the forearm 
and ascends upwards on the volar aspect of 
the forearm in parallel to the volar margin of 
the brachtoradialis muscle to the front of the 
elbow joint. Here it is connected with the 
basilic vein by the median cubital vein. 

Then it crosses superficial to the lateral 
cutaneous nerve of the forearm and lies in 
the groove between the brachioradialis and 
the biceps brachii and then ascends upwards rig. 654. The superficial >dra of the 
along the lateral border of the biceps muscle upper extremity. Seen from the front 
to reach the intermuscular furrow between the 

deltoid and the pcctoralis major muscle. Accompanied by the deltoid branch of 
the acromio-thoracic artery it reaches the deltopectoral triangle and then it turns 
medially between the pectoralis minor and the pcctoralis major to the anterior 
aspect of the clavipectoral fascia, which separates it from the anterior aspect of the 
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first of the axillary artery. Finally it 
fascia and ends in the axillary vein. 



rig. 653. The superficial veins of ihc 
upper limb. Seen from the behind. 


DEEP VEINS OF 


turns backwards and pierces the clavipecton 

JSJ}. In some cases cephalic rein does n 
pierce the clavipcctoral fascia but it ascends u; 
wards over the clavicle and then piercing the det 
cervical fascia it ends in the internal jugular ter 
Sometimes the cephalic vein is much reduced in 
and the median cubital vein becomes very pr> 
mmentand the bulk of the blood passes from t(l 
the basilic vein. 

Basilic? vein. It begins from th 
ulnar side of the dorsal venous nctworl 
and receives the dorsal digital vein Iron 
the ulnar side of tbe little finger. Thct 
it ascends upwards along the posterio: 
part of the ulnar side of the forearm ant 
a little below the elbow joint it incline 
forwards to reach the volar aspects of tin 
forearm. Then it passes upwards in firm 
of the ulnar side of the front of the elbou 
joint and lies in the groove between (lit 
pronator teres and the biceps, where it ii 
joined by the median cubital vein 
Reaching a little below the middle of th( 
arm it pierces the deep fascia and ascend; 
upwards along the medial side of the 
brachial artery to the lower border of the 
teres major muscle, where it is continued 
upwards as the axillary vein. 

Median cubital vein. It is a short 
oblique vein placed in front of the bend 
of the elbow joint and connecting th 
cephalic and the basilic veins together. It 
crosses obliquely in front of the terminal 
part of the brachial artery ^ hut being 
separated from it by the bicipital aponeu- 
rosis; it receives some deep veins of the 
forearm. 

Median rein of the forearm. It begins 
from the palmar venous network and 
ascends upwards opposite the middle of 
Vsre ft/mirm imft a ViYi'it Yitk/« ‘Ant totw* of 
the elbow joint it divides into two bran- 
ches, the median basilic and median 
cephalic veins. The median basilic connects 
it with the basilic vein while the median 
cephalic connects it with the cephalic vein- 
When the median vein of tlm forearm w 
present the median cubital vein is usually 
wanting. 

JVJ. The median cubital vein being more or 
less fixed, it is the choice to perform venesection w 
this vein. 

iUPERIOR EXTREMITY 


veins of the superior extremity are comparatively smaller because 
most of the Wood drains through the superficial veins. They accompany the arteries 
as their venae comitsntes being arranged in pairs, one on each side of the arteries. 
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In their course they arc cross-connected to each other by transverse veins which 
pass across the arteries. They are also communicated to the superficial veins. 

In the iiand the deep veins begin as venae comitantes of the superficial and 
the deep palmar arches (artcria) and form the superficial and the deep venous arches 
respectively. The superficial venous arch is formed by the union of the palmar digital 
veins whereas the deep venous arch is formed by the union of the palmar metacar- 
pal veins and with the veins corresponding to the branches of the respective 
arterial arch. 

In the ‘forearm the deep veins are the venae comitantes of the ulnar and the 
radial arteries. The venae comitantes for the ulnar artery are formed by the direct 
continuation of the veins that drain the superficial palmar venous arch while those 
for the radial artery' arc formed by the veins draining the deep palmar venous arch. 
They ascend upwards along with the ulnar and the radial arteries and reaching the 
cubital fossa they arc united to form the brachial veins. At the elbow the ulnar 
venae comitantes receive the anterior and the posterior interosseous veins and are 
communicated to the median cubital vein. 

The brachial veins or the venae comitantes for the brachial artery follow the 
latter and end by draining into the axillary vein at the lower border of the subsca- 
pularis muscle. Their tributaries correspond with the branches of the brachial 
artery. 

The axillary vein begins as a direct continuation of the basilic vein opposite 
the lower border of the teres major and ascends upwards through the axilla to the 
outer border of the first rib where it ends by being continuous with the subclavian 
vein. It lies on the medial side of the axillary artery', and the medial pectoral nerve, 
the medial cord of the brachial plexus, the medial antibrachial cutaneous nerve 
and the ulnar nerve intervene between the artery' and the vein. 

The tributaries of the axillary' win are the cephalic vein, brachial veins and the 
veins that accompany the branches of the axillary artery. The cephalic vein opens 
into it close to its termination. 

■<•. The subclavian vein begins as a direct continuation of the axillary vein from 
the level of the outer border of the first rib and running upwards and medially it 
unites with the internal jugular vein at the medial border of the scalenus anterior 
muscle to form the brachiocephalic (innominate) vein. Anteriorly it js related 
to the clavicle and the subclavius muscle; posteriorly it is separated from the sub- 
• clavian artery by the scalenus anterior musdc on the left side and, on the right side, 
the right phrenic nerve intervenes between them. Inferiorly it rests upon the 
first rib and upon the pleura over the apex of the lungs. 

The tributaries of the subclavian are external jugular and some small veins 
from the infraclavicular regions which ascend over the clavicle. It occasionally 
receives the anterior jugular vein and a tributary from the cephalic vein. The 
thoracic duct opens in the angle of junction between the left subclavian and the 
left internal jugular vein whereas the right lymphatic duct opens into it in the 
corresponding angle on. the right side. 


THE INFERIOR VENA CAVA AND ITS FAMILIES 

Inferior vena cava, course. The inferior vena cava is formed by the union 
of the two common iliac veins opposite the level of the fifth lumbar vertebra a little 
to the right of the median plane. It runs upwards in front of the lumbar vertebrae 
lying on the right side of the abdominal aorta. Then it enters a groove on the 
posterior . aspect of the right lobe of the liver and passes through the vena cavat 
opening in the diaphragm and finally pierces the fibrous pericardium to end into 
the lower and posterior part of the right atrium of the heart. At its termina- 
tion it is guarded by a rudimentary valve known as the valve of the inferior 
vena cava. 
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Relations: 

Anteriorly: (From above downwards) 
Liver, 

Aditus to the lesser sac, 

Portal vein, 

Head of the pancreas. 

Third part of the duodenum, 

Right testicular or ovarian vessels, 
Superior mesenteric artery. 

The mesentery, 

Commencement of the right common iliac 
artety. 


Right sympathetic trunk, 

Right crus of the diaphragm, rlgh 
renal, right suprarenal, right phreni 
and right lumbar arteries, right supra 
renal gland. 

On the left side: 

Abdominal aorta, right crus of tb 
diaphragm, caudate lobe of the liver 


Posteriorly: 

Dodio of the lumbar vertebrae, 
Anterior longitudinal ligament, 
Right psoas major muscle, 


Tributaries: 

(1) Renal. 

(2) Hepatic. 

(3) Right suprarenal. 

(4) Right phrenic vein. 


On the right side: 

Right ureter, 

Medial aspect of the posterior surfao 
of tli e second portion of the duodenum 
right lobe of liver and the hilum o 
right kidney. 


(5) Right testicular or ovarian vein. 

(6) Lumbar veins (third and fourth), 

(7) Common iliac veins. 


. . Serous relations. Above the first part and below the third part of the duodenum 
it is covered in front by the parietal peritoneum. In the thorax within the peri- 
carduipi it is covered m front and at the sides by the serous pericardium. 
^^Development of the Inferior 


i cava. From below upwards 
the inferior vena cava is developed 
from d>e following primitive veins. 

The persistent post-renal part of 
the right sunracardinal vein joins with 
the right subcardinal vein by a trans- 
verse connection and then it is conti- 
nued upwards as the persistent pre- 
rcnal part of die right subcardinal 
vein. Beyond the level of the renal 
vein the right subcardinal vein dis- 
appears and another vein extendi up- 
wards from the upper end of the 
persistent right subcardinal vein to 
the liver where it joins the hepatic 
veins and finally m prchepatic part 
u 1 tinned by the persistent right 
vitelline vein which opens into the 
right atnum of the heart. 

Anomalies, Anomaly of forma, 
tioru The inferior vena cava may be 
Jormed at a higher level opposite the 
second lumbar vertebra; in such cases 
she two common iliac veins ascend 
upward,, one on each side of the 
abdominal aorta; the left common 
tliac vein near its termination re- 
ceives the left renal vein and then 
passes other in front of or behind the 
abdominal aorta to gain its right side 
whneitjomswith the right common 

Anmsly of termination. Instead of 
opening directly into the right atrium 
»t may terminate into the aaygos 
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vein. In such eases ihe hepatic veins terminate into the right atrium of the heart by a common 
venous channel (Vena rc\ then tes). Occasionally it is placed on the left side of the abdominal 
aorta; the left sided inferior vena cava may plerre through the left crus of the diaphragm to enter 
into the thorax where it replaces dm inferior hemiazygos vein and then crossing the median plane like 
the hemiazygos vein terminates into the azygos vein; m such cases it ascends still further, arches over 
the root of the left lung and then passing behind the left atrium it terminates into the right atrium on 
the situation of the coronary sinus. 

Anomaly of Course. As mentioned above it may take its course upwards on the left side of the 
abdominal aorta and may terminate as mentioned above; it may, however, cross to the left side 
opposite the level of the first or second lumbar vertebra and then takes its usual course. 

Anomaly of tributaries. The hepatic veins may not terminate into it and instead, they may open 
separately or by a common stem into the right atrium of the heart. Lumbar veins of one or the both 
sides may form a common stem to open into it. There may be additional testicular or ovarian, renal 
or suprarenal veins. 

Hepatic veins. The hepatic veins form the efferent vessels of the liver and 
collect the blood from its afferent vessels (portal vein and hepatic artery). They 
begin as intralobular or central veins within the centre of each hepatic lobule and 
the central veins from the different lobules unite together to form inter- or sublobular 
veins; the sublobular veins unite together to form three larger veins, the hepatic 
veins, right, left and middle, which open into the inferior vena cava on the posterior 
surface of the liver. 

Right suprarenal vein. It emerges from the hilum of the right suprarenal 
gland and runs upwards for a short course to terminate into the back of the 
inferior vena cava (The left suprarenal vein opens into the left renal vein). 

Right phrenic vein. It corresponds to the phrenic arteries and is formed 
by smaller tributaries draining the diaphragm. The phrenic vein on the right side 
ends into the upper part of the inferior vena cava. The left phrenic vein opens 
into the left suprarenal vein or into the left renal vein. 

Right testicular vein. The testicular veins begin as a plexifonn network 
of veins, the pampiniform plexus, which emerges from the testis and the epididymis. 
The plexus consists of eight to ten veins which ascend upwards in front of the vas 
deferens to the superficial inguinal ring where they unite to form two veins which 
traverse through the inguinal canal and reaching the deep inguinal ring they unite 
to form a single vein. The latter enters into the abdomen through the deep inguinal 
ring and then follows the testicular artery and finally ends into the inferior vena 
cava. The left testicular vein terminates into left renal vein. 

The right ovarian vein begins in the same way as the testicular veins. The 
smaller veins which emerge from the hilutnof the ovary are united together to form 
the pampiniform plexus which lies between tbe two layers of the broad ligament and 
extends as far as the pelvic brim. Two veins emerge from the plexus which soon 
unite to form a single vein which on the right side ends into the inferior vena cava. 
The left ovarian vein terminates into the left renal vein. 

Lumbar veins. There are altogether five lumbar veins on each side, the upper 
four amongst which, accompany the corresponding lumbar arteries while the lowest 
one follows the lumbar branch of the median sacral artery. The upper two lumbar 
veins terminate either into the corresponding ascending lumbar vein or into azygos 
or hemiazygos veins. The third and the fourth lumbar veins usually terminate 
into the inferior verm cava while the fifth one terminates into the ilio-lumbar vein. 

Renal veins. The renal veins are two in number, right and left, and each 
drains the corresponding kidney. They lie in front of the renal artery and the 
pelvis of the ureter lies below and behind the vein. The right renal vein is about 
one inch in length while the left is three times longer than the right and measures 
about 3 inches. 

Might renal vein. It is about one inch in length and by passing behind the second 
part of the duodenum and the head of the pancreas it ends in the inferior vena cava 
opposite the level of the second lumbar vertebra. 
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Left renal c tin. The left renal vein is the common vein for the three glands on 
the left side viz,, the left suprarenal gland and the left testis or ovary and the left 
kidney and it is about three times longer than the right because it has to cross the 
vertebral column before it reaches the inferior vena cava. Developmental!/ it is 
the upper cross-communication between the right and the left subcardinal and 
the left posterior cardinal veins. 

It begins in the hiium of the left kidney by the union of two or three smaller 
veins opposite the level of the first lumbar vertebra and lies at first in front of the 
left renal artery. Then it crosses in front of the left psoas major, left crus of the 
diaphragm and the abdominal aorta and ends by opening into the inferior vena 
cav-a at a right angle opposite the level of the second lumbar vertebra and a. little 
above the level of the right renal vein. Anteriorly, from left to the right, it lies 
under cover of the body of the pancreas together with the splenic vessels, superior 
mesenteric vessels and the head of the pancreas. 

Tributaries of the left renal vein: (1) Left testicular or ovarian vein opens into 
its lower border at a right angle about one inch from the liilum of the kidney. (2) Left 
suprarenal vein, it receives the left inferior phrenic vein before it opens into its upper 
border. 

Development of the left renal vein. The left renal vein at first opens into tlic posterior cardinal 
vein of the left side A transverse vein later on joins the two subcardinal veins to each other opposite 
the level of the renal vein and also extends sidewards to communicate with the posterior cardinal 
veins. After sometime the subcartlinal vein of the left side disappears except for a small extent cranial 
to the transverse vein. The posterior cardinal vein of the leftside disappears both above and below 
die level of the renal vein. Thus the left renal vein is formed by the left posterior cardinal, left sub- 
cardmal and by the transverse v etn that connects the tw o subcardinal and the left posterior cardinal 
veins together. 

*Y B — The incidence of varicocele of the left testicular vein is higher than the right. Several 
different v iews have been put forward to reason it out; (1) that the left suprarenal vein which opens 
into the left renal vein pours out the adrenalin-ladden blood into the left renal vein which affects its 
calibre resulting in congestion of the left testicular vein; {2 \ that the valvular arrangement is imperfect 
in the left testicular vein which affects proper drainage of the blood and causes congestion in the lot 
testicular vein; (3) that the left renal vein is clasped between the superior mesenteric artery and the 
abdominal aorta, thereby causing obstruction in the flow of blood which results in congestion of blood 
in the left testicular vein, (4) that the left testicular vein being longer than the right it has to hold a 
longer column of blood which affects adversely in the efficient drainage of the vein; (5) that the left 
testicular vein opens at a right angle to the left renal vein which causes hindrance to the flow of blood. 
In my opinion mechanical obstruction by the superior mesenteric artery is a reasonable cause to thh 
condition because cases have been recorded where even the third part of the duodenum had been 
seen to be compressed by the superior mesenteric artery. 

Ascending lumbar vein. It is a longitudinal venous channel placed deeply 
in front of the transverse processes of the lumbar vertebrae and behind the psoaS 
major muscle; in its course upwards it connects the common iliac, ilio-lumbar and 
the lumbar veins together and then ascends in front of the twelfth thoracic vertebra 
and is then continued as the azygos vein on the right side and as the inferior 
hemiazygos vein on the left side. The ascending lumbar vein is joined by a small 
vein which connects it with the inferior vena cava and this small vein which connects 
the inferior vena cava with the ascending lumbar vein is known as the lumbar azygos 

Common iliac veins. The common iliac veins are two in number, right and 
left, which unite together on the right side of the body of the fifth lumbar vertebra 
at an acute angle to form the inferior vena cava. Each common iliac vein is formed 
by the union of the external and internal iliac veins in front of the sacro-iliac arti- 
culation. The right common iliac vein is shorter than the left and is vertical in 
direction. It lies at first to the right of the common iliac artery and then posterior 
to it. The left common iliac vein is longer and oblique in direction. It is crossed by 
the inferior mesenteric vessels and root of the pelvic mesocolon. It at first lies medial 
to the left common iliac artery and finally ends behind the right common iliac artery. 

Tributaries: 

(1) External iliac vein. (3) Uio lumbar. 

(2) Interna 1 Uiac vein. (4) Lateral sacral. 

The left common iliac vein receives in addition the median sacral vein. 
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External iliac vein. It begins at the level of the inguinal ligament as a 
continuation of the femoral vein and at its origin it lies behind the inguinal ligament 
and medial to the distal end of the external iliac artery. It runs upwards along the 
brim of the pelvis and lies at first medial, then postero-medial and finally posterior 
to the external iliac artery. Opposite the sacro-iliac articulation it unites with the 
internal iliac vein to form the common iliac vein. 


Tributaries: 

(1) Deep circumflex iliac, 

(2) Inferior epigastric. 

(3) Pubic veins (occasionally). 

Deep circumflex iliac rein. It is formed by the union of the venae comitantes that 
accompany the deep circumflex iliac artery and after crossing the external iliac artery 
it ends into the external iliac vein about half an inch above the inguinal ligament. 

Inferior epigastric vein. It is also formed by the union of the venae comitantes 
of the inferior epigastric artery and terminates into the external Iliac vein about 
half an inch above the inguinal ligament. It communicates above with the 
superior epigastric vein. 

Pubic vein. It arises from the obturator vein in the obturator canal and ascends 
upwards on the pelvic surface of the pubis along with the pubic branch of the inferior 
epigastric artery and finally ends into the external iliac vein. Thus it appears that 
the pubic vein is mainly a communicating vein between the external iliac and the 
obturator veins. Occasionally it becomes very much enlarged to replace the obtu- 
rator vein. 

Internal iliac vein. It is a short venous channel which is formed near the 
upper margin of the greater sciatic foramen by the union of tributaries which corres- 
pond to the branches of the internal iliac artery except its umbilical and iliolumbar 
branches. After its formation it ascends on the medial side of the internal iliac 
artery to reach the pelvic brim where it ends by joining with the external iliac vein to 
form the common iliac vein. 

Tributaries: 

The tributaries of the internal iliac vein may conveniently be divided into pane- 
ia) and tiscera} grnapr. The parents} ffrnnp e?P tributaries ern&jbia extra-pelvic 
and intra-pelvic sets which follow the corresponding branches of the internal iliac 
artery. Thus the tributaries are summarised as below: 

Parietal group: 


Extra-pelvic set 

(1) Superior gluteal. (3) Obturator. 

(2) Inferior gluteal. (4) Internal pudendal. 

Inlra-pelcic set : 

Lateral sacral. 

Visceral. The visceral tributaries of the internal iliac vein are arranged in 
plexiform networks around the different viscera contained in the pelvic cavity namely, 
the urinary bladder, prostate and the rectum in the male, and the urinary bladder, 
uterus, vagina and the rectum, in the female. The visceral venous plexuses are for- 
med by thin-walled veins and they freely communicate with one another. /The 
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visceral venous plexuses are collectively called the pelvic venous plexus which consist 
of the following: 

(1) Vesical venous plexus. 

(2) Prostatic venous plexus. 

(3) Rectal venous plexus. 

(4) Vesical venous plexus. 

(5) Uterine plexus. 

(6) Vaginal plexus. 

* Vesical venous plexus in the male. It lies on the external aspect of the musculature . 
of the urtnary bladder and forms a dense network, particularly in the region of the 
neck where it surrounds the seminal vesicles, terminal part of the vas deferens and 
the ureter. The \esicat venous plexus communicates in front with the prostatic 
venous plexus and is drained by a few small veins which open into the internal iliac 
vein. 

Vesical venous plexus in the female. Here the place of prostatic venous plexus in 
the male is represented by a part of the vesical venous plexus that surrounds the upper 
pan of the urethra. The vesical venous plexus in the female communicates in front 
with the vaginal venous plexus and receives the deep dorsal vein of the clitoris. 

Proslalic venous plexus. It is placed between the true and the false capsules of the 
piostate. It receives in front the deep dorsal vein of the penis and communicates 
behind with the vesical venous plexus. It is drained by a few veins which open into 
the internal iliac veins. 

Uterine venous plexus. It lies on both sides of the uterus between the two la>crs 
of the broad ligament and is drained by a pair of uterine veins, one on each side, 
which opens into the internal iliac veins. The tributaries of this plexus which drain 
the uterus have no valves. It communicates in front with the vaginal plexus, and 
behind, with the ovarian plexus. 

Vaginal venous plexus. It lies on each side of the vagina and drains the walls of 
the vagina. The plexus on each side is drained by the vaginal vein which termina* 
tes into the internal iliac vein. Each plexus communicates above with the uterine 
plexus, below with the veins from the bulb of the vagina, in front with the vesical 
plexus and behind with the rectal plexus. 

Rectal venous plexus. It surrounds the rectum and consists of an external plexus 
lying outside the muscular wall and an internal plexus lying in the submucous coat. 
The internal \cnous plexus is arranged in vertical columns which begin just above 
the anal orifire and are connected to each by transverse veins. It is drained by the 
superior rectal vein — although it freely communicates with the external plexus. 
The lower part of the external venous plexus is drained by the inferior rectal vein 
which opens into the internal pudendal (systemic) vein; its middle part by the 
middle rectal vein which drains into the internal iliac vein (systemic vein) whereas 
its upper part is drained by the superior rectal vein (portal system of vein). 

Dorsat veins of the penis and clitoris. The dorsal veins of the penis consists of two 
veins, superficial dorsal vein and deep dorsal vein. The superficial dorsal vein drains the 
prepuce and the of the penis and lies in the subcutaneous tissue. It drains into 

the external pudendal vein of either the right or the left side which is a tributary of 
the long saphenous vein. The deep dorsal rein lies deep to the fascia of the penis in the 
median plane between the tu.o dorsal arteries. It drains the glans penis and the corpora 
cavernosa penis and passes upwards to the root of the penis where it lies between the 
two limbs of tbe suspensory ligament; then it turns downwards and backwards to 
enter the gap between the inferior pubic ligament and the anterior margin of the 
perineal membrane. ^ Here it divides into the branches which communicate with the 
internal pudenda! vein and terminate into the prostatic venous plexus. 


| in the male. 

^ in the female. 
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The deep dorsal vein of the clitoris in the female has a similar course and it ter- 
minates in the similar way into the vesical venous plexus. 

Superior gluteal veins. They accompany the superior gluteal artery as its venae 
comitantcs and drain the muscles in the gluteal region. They enter the pelvic cavity 
through greater sciatic foramen and unite to form a single vein which ends into the 
•internal iliac vein. 

Inferior gluteal veins. They begin in the subcutaneous tissue in the region of the 
back and ascends upwards as venae comitantes of the inferior gluteal artery. In 
the gluteal region they are situated deep to the gluteus maximum muscle and receive 
tributaries from the muscles in this region. They enter the pelvic cavity through the 
greater sciatic foramen and unite to form a single vein which terminates into the 
internal iliac vein. 

Obturator vein. It is formed in the region of the thigh by tributaries from the 
muscles of the upper and medial parts of the thigh and from the hip joint. It enters 
into the pelvic cavity through the obturator canal and accompany the obturator 
artery being placed above it. It finally ends into the internal iliac vein. 

Internal pudendal veins. They accompany the internal pudendal artery as its 
venae comitantcs and communicate with the prostatic venous plexus (in the male) 
at the root of the penis. They drain the corpus cavernosa penis through the deep 
vein of the penis, clitoris, perineal muscles, the lower part of the rectum and the anal 
canal through inferior rectal vein and the muscles of the gluteal region. They 
unite to form a single vein which ends into the internal iliac vein. 

lateral sacral veins. They accompany the lateral sacral arteries and terminate 
into the internal iliac vein. They communicate with the anterior sacral venous plexus. 

Median sacral veins. They form the venae comitantes of the median sacral 
artery and near the brim of the pelvis they unite to form a single vein which termina- 
tes into the left common iliac vein. 

Iliolumbar vein. It receives tributaries from the vertebral canal, lower part 
of vertebral muscles, and from the muscles and other tissues of the iliac fossa. It 
follows the corresponding artery in the abdomen only and does not enter into the 
pelvic cavity. From the region of the iliac fossa it passes deep to the psoas major 
muscle and finally ends into the posterior part of the common iliac vein. 

THE PORTAL SYSTEM OF VEINS 

The portal vein. It is the principal afferent vessel of the (venous .channel) 
liver which drains the whole of the gastrointestinal tract from the stomach down to 
the anal canal except its extreme lower part, the gall bladder, the spleen and the 
pancreas and conveys the blood to the liver. From the liver the blood is drained to 
the inferior vena cava through the hepatic veins (Efferent vessels of the liver). It 
is a peculiar vein in that it begins as a vein but it ends like an artery by dividing into 
branches. It carries deoxygenated blood but contains the products of digestion as well . 
It has no valves internally and its muscular wall is well developed. 

For descriptive purposes the portal vein may be divided into two parts, extra- 
hepatic part and intra-hepatic part. 

Extra-hepatic part : Formation. It is formed by the union of the superior 
mesenteric vein and the_ splenic vein, opposite the body of the second lumbar 
vertebra, in front of the inferior vena cava and behind the neck of the pancreas. 

Lengtk and course. The portal vein is about three inches long and after its for- 
mation it runs upwards and to the right behind the superior (first part) part of the 
duodenum. Then it reaches the right free border of the lesser omentum where it 
forms the anterior boundary of the aditus to the lesser sac and finally reaches the right 
end of the porta hepatis. 
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Termination. At the right end of the porta hepatis it terminates by dividing into 
a short and stout, right branch, and a long, narrow left branch. The right brarii 
receives cystic vein and then enters into the right lobe of the liver. The left break 
passes from the right to the left in the porta hepatis and readies the fissure for the 
ligamentum teres and finally it crosses the fissure and ends by entering into die Jeft 
lobe. In its course through the porta hepatis, the left branch of the portal vein ghe 
brandies to the caudate and the quadrate lobes of the liver. 

Helatiom. At its origin the portal vein is related, in front, to the neck of the pan- 
creas, behind, to the front of the inferior vena cava. Behind the superior (first part) 
part of the duodenum it lies in front of the inferior vena cava and behind the common 
bile duct and the gastroduodenal artery which lies on the left side of the common 
bile duct. In the lesser omentum it is contained between its two layers opposite its 
right free margin; the hepatic artery and the common bile duct both lie m front of 
it, the duct being placed on the right side of the artery; in this situation it is separated 
from the inferior vena cava by the aditus to the lesser sac. In the porta hepath 
it forms the posterior most structure; the hepatic ducts lie anteriorly and intervening 
between them and the brandies of the portal vein are the hepatic arteries. 

U-j* fnira-kefr atic part . Within the Jivcr each branch of the portal vein divides into 
numerous” branches and ultimately forms the interlobular vein which joins with a 
similar branch from the hepatic artery to form the hepatic sinusoid. Each sinusoid 
passes towards the centre of each lobule and ends by draining into the central rein 
w hie h ultimately drains into the hepatic veins. > 

Vestigial structures in connection with the portal vein. The left branch of the .portal 
vein, as, it crosses the fissure for the ligamentum teres, is connected in front with the 
ligamentum teres, a fibrous cord, 3nd behind, with another fibrous cord, tbe liga- 
mejituin venosum. The ligamentum teres is the fibrous remnant of the foetal left 
umbilical vein whereas the ligamentum venosum is the fibrous remnant of a foetal 
vein, the ductus venoms, through which, during foetal life, most of the blood from the 
placenta is bypassed the liver into the inferior vena cava. 

Tributaries : 

(1) Splenic. 

(2) Superior mesenteric. 

(3) Right gastric. 

(4) Left gastric. 

<5) Cystic. 

(6) Para -umbilical. 

Communications with tbe systemic veins 1 

(1) Opposite the loner end of the oesophagus. The left gastric vein which drains into 
the portal vein, communicates with the oesophageal veins which are systemic veins 
and open into the inferior vana cava and the azygos vein. 

(2) At the lower end of the rectum. The superior rectal vein which is 3 tributary' of 
the portal system of veins (opening into splenic vein), communicates freely with the 
inferior and middle rectal veins at the lower end of the rectum. The middle rectal 
vein directly opens into the internal iliac vein while the inferior rectal vein opens 
into the internal iliac vein through the internal pudendal vein (systemic veins). 

(3) Behind the colon. 1 n fron t of the kidney tli e renal vein (systemic) communicates 
with the veins of the colon and peritoneum (portal) through some small veins. 

(4) At the bare area of the liver. Some veins connect the diaphragmatic veins 
(systemic) with the veins of the liver (portal). 

- (5) il'ithin the liver. Branches of the porta! rein communicate freely with the 
hepatic veins (systemic). 

(6) -bc«nd the umbilicus. Paraumbilical vein (portal) communicates with the 
tributaries of the epigastric veins (systemic). 
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Development. '-The portal vein is developed from the persisting portions of the right and the 
left vitelline veins and by the persisting transverse anastomosing venous channels between them. 

The caudal portion of the right and the left vitelline veins lie on the corresponding side of the 
developing duodenum and are communicated to each other by three transverse venous channels, 
proximal, intermediate and distal. The proximal and the distal anastomosing channels pass in front 
of tic duodenum whereas the intermediate one passes dorsal to the duodenum. The portion of each 
vitelline vein extending from the cranial or proximal transverse venous channel to the liver is called 
the tena edieJuni. Subsequently, the venous channels from the mid-gut (superior mesenteric) and the 
fore-gut (splenic) join with the left vitelline vein opposite the intermediate anastomosing channel. 
Subsequently, both the right and the left vitelline veins together with the caudal, ventral transverse 
anastomosing cliannel retrogress completely; the left vitelline vein between the intermediate and the 
proximal anastomosing channels also retrogress. 

The right vena advehens becomes the right branch of the portal vein whereas the left vena adve- 
llcns together with the cranial ventral anastomosing 
channel forms the left branch of the portal vein. 

The trunk of the portal vein is formed by a small 
segment of the persistent left vitelline vein opposite 
the intermediate dorsal transverse anastomosing 
channel, the dorsal anastomosing channel itself 
and by the persistent right vitelline vein between 
the intermediate and the proximal transverse an- 
astomosing channels. 

Splenic vein. It is one of the largest 
tributary of the portal vein and drains the 
stomach, spleen, pancreas, the descending 
colon, pelvic colon, rectum and most of 
the anal canal except its extreme lower 
part and ends by joining with the superior 
mesenteric vein to form the portal vem. 

It is formed by the union of the five 
or six smaller veins which emerge from 
within the spleen at its hiltim. It runs 
backwards and medially within the lieno- 
renal ligament to the front of the kidney, 
then it runs to the right to reach the 
posterior surface of the body of the 
pancreas where it is contained in a groove 
and runs transversely to the right below 
the splenic artery. Reaching the back of 
Ihe neck of the pancreas it joins with the , . 

superior mesenteric vcm to form the portal Note the dcxelopment of porul vein, 
vem. 

Tributaries: 

(1) Short gastric. 

2) Left gastro-epiploic. 

3) Pancreatic — consist of several small veins which drain the pancreas. 

(4} Inferior mesenteric. 

Short gastric veins. They form a series of small veins which drain the blood from 
the left portion of the greater curvature of the stomach. They run backwards within 
the gastro-splenic ligament towards the hilum of the spleen and terminate into the 
splenic vein or into one of its main tributaries. 

Left gaslro-tfiplaic vein. It lies within the two layers of the greater omentum 
along the greater curvature of the stomach and runs from the right to the left. It 
enters into the gastro-splenic omentum and runs towards the hilum of the spleen 
where it ends by opening into the splenic vent. 

Snf trior mesenteric vein. It begins as a continuation of the superior rectal vein 
opposite the level of the pelvic brim and ascends upwards into the abdomen by 
crossing superficial to the left common iliac vessels. In its course upwards it lies in 
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front of the left psoas major muscle and crosses superficial to the inferior and superior 
left colic arteries and left testicular or ovarian vessels and intervenes between the in- 
ferior mesenteric artery and the abdominal aorta on the right side and the left 
ureter on the left side. Finally it passes deep to the duodeno-jejunal flexure and 
crosses in front of the left renal vein and ends by opening into the splenic vein behind 
the body of the pancreas. 

Tributaries: 

(1) Superior left colic. 

(2) Inferior left colic. 


The suf erior lejl colic iriti drains the upper part of the descending colon and the 
left colic flexure. The inferior left colic teins drain the pelvic and the iliac portion 
of the descending colon. 

The superior rectal vein drains the whole of the rectum and the greater part of the 
anal canal except its lower part. After being formed by the union or the tributa- 
ries from the rectal venous plexuses the superior rectal vein accompanies the superior 
rectal artery and runs upwards through the pelvic mesocolon to the brim of the 
pelvis whetc it becomes continuous with the inferior mesenteric vein by crossing the 
left common iliac vessels. 


The pancreatic veins arc numerous small veins which emerge out from the subs- 
tance of the pancreas and at once terminate into the splenic vein. 

matntene urn. It is the largest tributary of the portal vein and begins 
in the i ight iliac fossa by the union of the appendicular and anterior and posterior 
caeca! veins and by ascending upwards and to the left it ends by joining with the 
ii« n ‘ C - b ? ,nd , the r tl P ck of thc pancreas to form the portal vein. In its course it 
. ng °f th , e ^Perior mesenteric artery and crosses superficial to the 

vf , „ uietcr > right testicular or ovarian vessels, right psoas major muscle, inferior 
'f" a . “ va and tbc ‘ h, . rd P, art ° f thc duodenum. Finally it ascends in front of theun- 
^ .° fthc 1Ca 1 of .^ c P ancr eas to reach the back or thc neck of the pan- 

" 1,crc 11 terminates by joining with the splenic vein to form the portal vein. 


Tributaries : 

(1) Appendicular. 

(2) Anterior and posterior caecal. 

(3) Jejunal and ileal. 

(41 Ileo-colic. 

(5) Right colic. 

(6) Middle colic. 

f7) Pancreatico-duodena] veins. 

(8) Right gastro-epiploic vein. 


comSsnX^ E "t " r"t lh ' ”“»' rior and posterior carol reins Mon- the 
form tU C 1 ' 5 .° r - ,h ' mesenteric artery and arc united together to 

dr™„ the “"'"V'lu " m IP*' ri S>« ai»c fossa. The jejuna! and ileal vein, 

of the superior ttim/ ,°^ tbe smad intestine and follow tlie corresponding brandies 
vein at the rnni a , rtcry c , nd V joining with the superior mesenteric 

the suDerinr mesentery. The ileo-colic and the right colic \ eins end into 

lhV C thc S^r r C V “ n smn ? edia,c, > r bclow thc ‘hird part or the duodenum 
pancrSs V f“ , " nu ? ates ,nt0 h » n front of the uncinate process of the 

velns drain die head of the pancreas and 
vein near ju a °d terminate into the superior mesenteric 

ofSe smmldr SS fA J hC 1? bt gastroepiploic vein drains both surfaces 
the SeatS ^arn nni, ' ^' 0 ?? two ^ ofthe P“ter omentum and follows 
U,C “ 10 thC right - ItCnds in thCSU ^ 
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Right gastric vein. It lies in the right part of the lesser curvature of the stomach 
in between the two layers of the lesser amentum. It drains both the surfaces of the 
stomach, receives the pre-pyloric vein and finally ends in the portal vein as it lies in 
the lesser omentum. 

Left gastric vein. It follows the left gastric artery to the gastric end of the oeso- 
phagus from which it receives some tributaries and then it turns backwards and 
passes to the left to end into the portal vein as it passes into the lesser omentum. 

Cystic vein. It drains the gall-bladder and is formed by the union of the tribu- 
taries which accompany the branches of the cystic artery 7 . It runs along with the 
cystic duct and ends by terminating into the right branch of the portal vein. 

Para-umbilical vein. It follows the ligamentum teres hepatis from the umbili- 
cus to the left part of the porta hepatis where it ends by opening into the left branch 
of the portal vein. Around the umbilicus it communicates with the superficial veins 
of the abdomen (superficial epigastric). 


THE SUPERFICIAL VEINS OF THE INFERIOR EXTREMITY 

The superficial veins of the inferior extremity 7 begin in the dorsal and plantar 
networks. 

The superficial veins of the sole of the foot form a fine network of plexus imme- 
diately beneath the skin and from this plexus three veins arise, anterior, medial and 
lateral. The anterior branch joins with the transverse venous arch which lies in the 
furrow at the roots of the toes. The medial and lateral branches pass round the 
sides of the foot to open into the great and small saphenous veins respectively. The 
transverse arch at the roots of the toes receives plantar digital veins from the toes and 
it communicates by intercapitular veins with the venous arch on the dorsum of the 
foot. 

The superficial veins of the donum of the foot form a venous network beneath 
the skin and the superficial branches of the musculocutaneous nerve and the anterior 
tibial nerve. The dorsal digital veins from the contiguous sides of the interdigital 
space unite to form four dorsal metatarsal veins which further unite together to form 
the dorsal venous network. It ends, medially, by uniting with the medial marginal 
vein of the great toe to form the great (long) saphenous vein and laterally, by joining 
with the lateral marginal vein of the little toe to form the small or short saphenous 
vein. 

Great (Long) saphenous vein. The great (long) saphenous vein is the lar- 
gest vein in the body and is formed by the union of the medial part of the dorsal ve- 
nous network and the medial marginal vein. It ends in the femoral vein about 3 
cm. below the inguinal ligament. It ascends upwards in front of the medial malleo- 
lus of the tibia and then runs obliquely upwards across the medial surface of shaft 
of the tibia to gain its medial border. Then it ascends upwards along the posterior 
part of the medial condyles of the tibia and the femur from where it runs upwards 
along the medial aspect of the thigh and about 3 cm. below the inguinal ligament it 
pierces the cribriform fascia and the medial margin of the femoral sheath and ends in 
the femoral vein. 

In the leg it is accompanied by the saphenous nerve. Behind the knee joint 
it accompanies the saphenous branch of the descending genicular artery’ and at the 
thigh it runs along with branches of the medial cutaneous nerve of the thigh. The 
great (long) saphenous vein is provided with numerous valves. 

Valves. The great (long) saphenous vein is provided with numerous valves and 
their number vary from 6 to 25. The position of the valves also vary considerably 
but the one, which is present at the mouth (at the point where it joints with the' 
femoral vien) of the great (long) saphenous vein, is fairly constant. Below this at a 
distance varying from 1 to 12 cm, there is another valve. The other valves present, s. 
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vary considerably in number as well as in position. According to Kampmeicrand 
Birch there is one valve at every 6.6 cm. of the vein on an average above the knee. 

Communications. In iht thigh the great saphenous vein is communicated lo the 
femoral vein by perforating veins (perforators) which perforates the deep fascia 
opposite the region of the adductor canal. A vein, the thoraco-epigastric vein 
communicates the superficial epigastric or femoral vein with the lateral thoracic 
vein and thus establishes communication between the superior and inferior venae 
cavae and helps in the collateral circulation in case of obstruction in any one of them. 
Opposite the knee joint it is communicated with the popliteal vein through a plexus 
of veins connected with the genicular veins. At the leg the great saphenous vein is 
communicated to the small (short) saphenous vein, and to the anterior and poste- 
rior tibia! veins through perforating veins. 


Surgical Importance. The great saphenous vein in often affected by varicosity 
due to either inefficiency of its valves or due to its holding a long column of blood 
against gravity. 13 6 


Tributaries ; 


(1) Cutaneous veins from the plantar aspect of the foot. 
(•*) borne cutaneous veins of the leg 

A 1 .... <- ° , ... 


(3) Accessory saphenous vein from the thigh. 

(4) Superficial epigastric. 

(5) Superficial external pudendal. 

(6) Superficial circumflex iliac. 
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the peroneal vein reach the lower border of the popliteus where it joins with the 
anterior tibial vein to form the popliteal vein. The medial and the lateral plantar 
veins communicate freely with the great and the short saphenous veins respectively. 



Anterior tibial veins. They begin as venae comitantes of the arteria dorsalis 
pedis and then ascend upwards following the anterior tibial artery. Reaching the 
upper border of the interosseous membrane they pass backwards through the gap In 
this part of the interosseous membrane and reach the posterior compartment of 
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the leg and finally end by joining with the posterior tibial veins to form the popliteal 
vein. 


COMMUNICATING BRANCH TO 
MUSCULOCUTANEOUS NERVE 
FROM SURAL NERVE 


ARTER'A DORSALIS MDIS 



COMMENCEMENT 
LONG SAPHENOUS 
VEIN 


TENDON OF TIBIALIS 
ANTERIOR 


r*** C5 °- The dorsum of (he right foot. From the direction hall, N. R. Sircar Medical 
College, Cal; with the kind permission from the Prof, of Anatomy. 


, Popliteal tern. It is formed by the union of the anterior and the posterior tibial 
veins at the lower border of the popliteus muscle. It then ascends through the pop* 
meai lossa and finally enters into the opening in the adductor magnus opposite the 
junction or the middle-third and the lower-third of the thigh along with the 
popliteal artery to form the femoral vein. The popliteal vein crosses superficial to 
he popliteal artery from lateral to the medial side from above downwards in it* 
course through the popliteal fossa. 


. ,u Ff t 0Tei V f !n - bc & Ins a * a continuation of the popliteal vein at the opening 
e icmoral artery at the adductor magnus and then ascends upwards through the 
adductor canal and the femoral triangle in company with the femoral artery and 
tinaiiy becomes continuous with the external iliac vein opposite the level of the ingui- 
nal ligament. In the lower part of the adductor canal the femoral vein lies postero- 
lateral to the femoral artery and in the upper part of the adductor canal and opposite 
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the apex of the femoral triangle the vein lies posterior to the artery; in the upper part 
of the femoral triangle it lies medial to the femoral artery. 

Tributaries: | 

Great {long) saphenous vein. Vena profunda f emits accompanies the arteria pro- 
funda femoris. Several [small tirbutaries from the muscles. Medial and lateral «r- 
cumjlex femoral veins — accompany the corresponding arteries. 


THE LYMPH NODES AND LYMPHATIC PATHWAYS 

General consideration. The lymph nodes and the lymph vessels together consti- 
tute the lymphatic system in which the lymph vessels form minute channels which 
carry' lymph, a clear fluid, to theJymph nodes which are solid, oval or rounded inter- 
mediate bodies in the pathways of the lymph vessels in their ultimate destination to 
the vein. The lymphatics like the blood vessels are closed system of minute chan- 
nels which partially drain the tissue fluid from the tissues as lymph and convey the 
same (lymph) to the blood. The intermediary lymph nodes in the pathways of the 
lymphatics act as filters through which the lymph percolates before their final dis- 
charge into the venous blood. 

Origin of lymph and the lymphatics. Blood vessels being the closed system of tubes 
no tissues, except perhaps the spleen, come in direct contact with the blood and 
the tissues get their nutrition through the medium of tissues fluid derived from the 
blood from the capillaries. As the walls of the capillaries behave like a permeable 
•^membrane crystaloids in solutions pass through the capillary walls by hydrostatic 
, pressure at the arterial end of the capillaries, while at the venous end of the capilla- 
‘ ries, due to increased osmotic pressure (fluids having been passed out of capillaries) 
within the capillaries, most of the tissue fluid returns back to the capillaries. The 
remaining portion of the tissue fluid (the nutrient fluid that is left behind after it has 
passed back to the capillaries at their venous end) which cannot pass back to the capi- 
llaries is collected in the lymphatic capillaries which appear as minute closed channels 
in the connective tissue, in between the cells or between groups of cells. The 
fluid that collects in the lymphatic capillaries is the lymph. It is so named because 
— clear water) the fluid resembles like clear water. The cells of the tissues 
ting bathed by the tissuefluid, which provide nourishment to them, eliminate 
their metabolic products in the same and the fluid then mainly passes back to the 
venous end of the capillaries and partly to the lymphatics. 

jV.Z?. — T he composition of the lymph of the lymphatic capillaries and the tissue fluid is riot same 
but the two fluids differ from each other in their protein content. The protein content of the lymph 
is almost equal to that of blood plasma and varies from 4 to 6 per cent while the protein content of the 
tissue fluid as determined from the oedema fluid is lest than -2 per cent. 

Distribution in the body. As the source of the lymph is from the tissue fluid which 
in turn is derived from the blood, all tissues which are supplied by blood vessels have 
their lymphatics except the tissues of the central nervous system, bom marrow and the spleen . 
The epidermis, cornea, the hyaline cartilage, the hairs and the nails have no blood 
supply and consequently they have no lymphatics. To summarise the following 
tissues have no lymphatics : 

(1) The tissues of the central nervous system. 

, (2) The bone marrow. 

. (3) The spleen. 

I (4) Epidermis. 

^ (5) Cornea. 

' (6) Hairs and nails. 

> (7) Hyaline cartilage. 
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the node and emerge through its hilum to pass to the other subsidiary group oflymph 
nodes to form the efferent lymph vessels. The efferent lymph vessels from the most cen- 
tra! [y placed lymph nodes of different lymphatic chain unite to form a lymph trunk. 
There are 5 lymph trunks namely, subclavian, jugular, broncho-mediasUnal (inter costal, 
mediastinal) lumbar, and intestinal , which finally drain into the terminal lymph vessels, 
the thoracic duct and the right lymphatic duct. The thoracic duct ends by opening into 
the angle of junction between the left internal jugular vein and the left subclavian 
vein whereas the right lymphatic duct terminates into the corresponding venous 
angle on the right side. 



Fig. 662. The structural architecture of a lymph node. (Diagrammatic). 


Lymphatics draining a particular part of the body are usually arranged into two 
main groups, superficial and deep. The superficial group of lymphatics drain the 
skin and the subcutaneous tissue and lie superficial to the deep fascia while the deep 
group of lymphatics drain the deeper structures and lie deep to the deep fascia. 
They run in streams and end into respective group oflymph nodes. 

In the extremities and in the body walls the two groups of lymphatics, that is, 
the superficial and the deep groups, remain separated from each other by the deep 
fascia barrier. Except close to their termination in the regional lymph nodes they 
usually do not communicate with each other or if they do at all, communications are 
very much insufficient, as is seen in cases of obstruction when collateral circulation 
(through the other) fails to occur efficiently resulting in elephantiasis. In elephan- 
tias of leg there is obstruction in the superficial group of regional lymph nodes (into 
^ which the superficial group oflymph vessels terminate), as a result, lymph accumula- 
i'l tes in the superficial group oflymph channels under tension because the obstructed 
50 
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lymph cannot pass up collaterally’ through the deep lymphatics whose communica- 
tion with the superficial lymphatics is sparse and insufficient. 

Histological structure of lymphatics. Structurally the lymphatic capillaries, like 
the blood capillaries, are made up of a single layer of endothelium but they differ frm 
Ike Jailer ( ccpillories ) in having no perilhelial cuter covering. The endothelial cells are 
held together by intercellular cementing substances. Larger lymphatic vessels, 
like the blood vessels, consist of three tunics, the tunica adventitia, tunica media 
and the tunica intima from without inwards. The tunica adventitia consists cf 
r ollagcn fibres mostly which are disposed longitudinally but clastic fibres and smooth 
muscle fibres are also found in this layer intermingled with the collagen fibres. The 
tunica media consists of smooth muscle fibres and elastic fibres which are disposed 
circularly. The tunica intima is made up of elongated endothelial cells which rot 
on a subcndothclial layer of clastic membrane. Fine non-mcdullatcd nerve fibres 
are also seen on the walls of the larger lymphatic channel and they extend as far as 
the tunica media. 


Lymplt nodes. These are oval, rounded or bean-shaped solid bodies found in 
course of the lymphatic pathways and are arranged either in groups or singly. They 
are commonly referred to as “lymph glands” but as they do not possess any secretion 
the more scientific nomenclature "Lymph nodes” should be applied to them. Each 
lymph node presents a constriction in its general outline on one side or the other which 
is known as the hilum through which the blood vessels and merves enter and efferent 
lymph vessels leave the substance of the lymph node. The afferent lymph vessels 
penetrate obliquely Into the substance of each node at the circumferential periphery 
at different points and carry the lymph into it. When sectioned caclr node is found 
to consist of a lighter periphery known as the cortex and a darker central part known 
as the medulla. The cortical substance is found to be absent in the region of the 
hilum where the medullary substance forms the surface tissue. 


Ilutoldgical structure. Structurally each lymph node consists of an outer denser 
cortex, an inner less dense medulla and a surrounding connective tissue capsule. 
Into the cortex are found aggregated masses or deeply staining lymphocytes, each 
having a central paler zone, known as the lymphatic follicle or nodule. The paler zone 
in the centre of each follicle is the germinal centre. The connective tissue capsule 
consists mostly of collagen fibres, a few fibroblasts and some elastic fibres. It ab° 
contains some smooth muscle fibres, particularly in some animals. From the deep 
aspect of the capsule fibrous septa are given off which divide the substance of the 
node into different smaller compartments towards its peripheral zone. Towards the 
central zone each fibrous septum breaks up into finer and finer ramifications which 
anastomose with one another forming a fine connective tissue reticulum. Thus the subs- 
tance ^within the central zone fails to show definite compartmental groupings and ins- 
tead it looks to be more dilfuse. 

. Each peripheral compartment is filled up with dense collection of lymphocytes 
winch constitutes the lymph follicle or nodule. In a stained preparation the centre ol 
each lymph follicle looks to he paler in colour in contrast to the deeply staining pen* 
pheral cells and is known as the germinal centre or secondary nodule. The germinal 
mitre is composed oHarger cells which are loosely packed and some of them show 
sipis or active proliferation in the form of mitotic division and it is for this reason 
le name germinal centre” has been applied to this portion of the lymph follicle, 
iietween each lymph follicle and the capsule is a narrow zone of loose tissue which 
Jonns the marginal lymph sinus in which the afferent lymph vessels end by piercing it 
ouitquely. The marginal lymph sinus follows the course of the septum from the cap" 
tHlT.iV* L Cr ramifications and ultimately it drains into the efferent lymph 
node at its hilum and thus a closed system oflymph path 
‘ , Wlt J. un llie lymph node. The lymph sinuses within the lymph node 

are traversed by fine networks of connective tissue fibres which arc lined by rctieul at 
reticular cells are hisrhlv nhatwvtJp -»nrt •>»» mniinmuK with the 


are traversed 
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endothelial cells of the efferent and 
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! phagocytic cells form the macrophage system of cells. Scattered amongst the reti- 
cular fibres there are also some other macrophage system of cells. 

Circulation of lymph. The lymph from the tissue spaces gain access into the 
lymphatic radicle and then is carried to the larger lymphatic vessels and having 
\ passed through Intermediary lymph nodes in the lymphatic pathways the lymph is 
■ finally conveyed to the blood by the thoracic duct and the right lymphatic duct 
i (has already been stated). The circulation is carried on by the following mechanism. 
i (1) Capillary pressure induces flow of the lymph into the lymphatic radicles. 
> (2) The endothelial cells of the lymph capillaries by their contractile power (driving 
force) force the fluid up into the lymphatic channels. (3) The smooth muscles 
t surrounding the larger lymphatics also, by their contractions, keep up the circula- 
: tions going. (4) The valves within the larger lymphatic channels prevent falling 
r down of the lymph column, particularly when it is to work against gravity. Besides 
i these (5) the squeezing action of muscles and (6) suction action of the veins at the 
root of the neck play an important role in the circulation of lymph. Moreover (7) 
increased intra-abdominal pressure during inspiratory movement tends to squeeze 
l out the lymph from the abdomen into the thorax. 

* Rhythmic peristaltic contractions of the walls of the lymphatic vessels them- 
z selves squeeze the lymph into the lymph vessels. 

* In some birds and reptiles the lymph heart which is a muscular sac assists in 
f iymph circulation. 

^ Absorption through lymphatics. Absorption through the lymphatics takes 
^ place through the endothelial cells. It is believed that colloid and insoluble substances 
j arc absorbed by the lymphatics whereas crystaloid substances and substances 
y having lower molecular weight (lower than that of serum albumen) are absorbed 
C through the capillaries. From the above it is evident that lymphatics are more 
permeable than the capillaries. 

Modes of lymphatic absorption. Having learnt about the nature of the lymphatic 
absorption it would be interesting to note as to how the lymphatic absorption takes 
place. From different experiments done by distinguished authors it is known that 
there are at least four methods by which absorption through the lymphatics occurs 
and the following is a brief outline of them. 

(1) By phagocytosis. Insoluble substances when placed in the tissue spaces are 
taken up by the phagocytes which bore their way through the wall of the lymphatics 
into their lumen. 

(2) Absorption by a process of lymphatic pscudopodia. When any foreign substance 
is placed in the tissue spaces close to a lymphatic vessel, pscudopodial processes are 
Cftnjwn one which are Asrthcc pnthmged to coaxc in contact wrfifc the substance and 
the latter gets into the lumen of the vessel by the activity of the lining endothelial 
cells. 

(3) Absorption by a break in the continuity of the lymphatic wall. Under some patho- 
logical conditions, such as inflamation and trauma, the wall of the lymphatic vessel 
may rupture thus allowing free access of the substances within their lumen. 

(4) Direct blood vessel to lymph vessel absorption - 'Whenever a lymph vessel happens 
to lie in close contact with the "Wall of a permeable blocd vessels, direct blocd vessel 
to lymph vessel absorption is known to occur without any detectable impairment 
of the walls of the two vessels. 

Functions of lymph nodes and lymphatics. As has already been stated 
lymphatics are greatly concerned (1) in the absorption of colloid and insoluble 
substances from the tissue spaces. 12) Foreign substances, cellular debrids and 
other matters are also removed from the tissue spaces by the lymphatics by different 
methods already described. (3) The lymphatics of the intestines are also concerned 
in the absorption of fat. 

The lymph nodes act as (4) mechanical filters and keep back deleterious subs- 
tances from gaining access to the blood. (5) The reticular cells lining the lymph 
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sinuses of the lymph nodes phagocytose bacteria and other substances and thus 
play important roles in the defensive mechanism of the body. (6) It is known that 
in cancers, cancerous cells permeate through the lymph vessels to the lymph nodes 
fiom where then further spread is temporarily withheld and thus the lymph nodes 
have limiting function in the spread of malignant diseases (Cancer). (7) The most 
important function of the lymph nodes is the production of lymphocytes. 

Development of lymph vessel* anil the lymph nodes. All l>mph vessels originate fram 
five main lymph sacs which develop in close association with large veins. Two lymph saca develop 
in association with the two internal jugular \eini, two with iliac veins and one unpaired lymph pc 
develops on the posterior abdominal wall which later on forms the cisterns ch)li. Although opuutc 
diff ers at to the origin of these lymph sacs it is generally agreed that they arise as diverticula of tie 
venous endothelium. By a process of budding of the endothelial ceils of the regional lymph sac* CsleO' 
sivc invasion of the tissues takes place and as a result, the original lymph sacs flow out to form in trial! 
lymphatic pathways pervading almost all the tissues. Later on the connections of all the lymph sacs 
with the \ cins, except the j'ugular sacs, disappear and thus explaining the termination of the thoracic 
and the right lymphatic ducts into the veins. 

The lymph nodes develop along the course of the lymphatic pathways as follows ! In die tepca 
where a lymph node is to appear the lymph vessels arrange in plexiform networks, in the jntenuco 
of which, there he the mesenchymal cells. The mesenchymal cells proliferate and differentiate ian/a 
into lymphocytes which are arranged into small compact masses. These compact masses of lyjnpjw* 
cytw invaginate the lining endothelium of the lymph sinus and collectively give rise to the formatiM 
of the lymph node. The surrounding connective tissue condenses to form the connective tissue capsule 
of the node. 


THE LYMPH NODES OF THE SUPERIOR EXTREMITY 

The terminal lymph nodes of the superior extremity are the axillary group of 
lymph nodes, and tne other outlying lymph nodes arc the supratrochlear, infracfavi- 
cular and some isolated nodes that may be found along with the course of the deeper 
vessels of the limb. Thus the lymph nodes of the superior extremity have been 
discussed under the following heads: 

The supratrochlear lymph nodes consist of one or two small lymph nodes 
situated above the medial cpicondyle of the humerus on the deep facta in dose 
relation with the basilic vein. Their afTerents drain the anteromedial aspects of the 
hand and forearm whereas their efferents accompany the basilic vein ana terminate 
into the lateral group of axillary lymph nodes. 

The infraclavicular lymph nodes number about one or two and lie below’ the 
lateral one-third of the clavide in the depth of the intermuscular furrow between the 
deltoid andthe pcctoralis major in dose relation with the terminal part of the caphalic 
vein. Their afTerents drain the anterolateral regions of the hand, forearm and the 
arm and accompany the caphalic vein. Their efferents pass mostly to the apical 
group of axillary lymph nodes by piercing through the davipectoral fascia, but 8 
few' may terminate into the lower deep cervical lymph nodes by crossing over the 
davjcle. 

' Axillary lymph nodes. The axillary lymph nodes form a most important 
fi r0 ! I E. "'bidi drains the breast, the upper limb, and the skin of the body from the 
umbilicus to the clavide. They consist of 20 to 30 in number and are divided 
into five groups, anterior, posterior, lateral, central and apical. 

(a) Anterior or pectoral group. They are 4 to 6 in number and lie along \hc 
lower border of the pcctoralis minor along the lateral thoracic vessds. They receive 
lymphatics from the lateral and anterior aspects of the body above the umbilicus 
and also from the lateral half of the breast. Their eflcrcnts pass to join with the 
central and apical groups. 

(A) Posterior or subscapular group . They lie along the subscapular vessels an ^ 
van’ from 6 to 7 in number. They receive afTerents from the whole of the back 
an , aspect of the body above the iliac crest and from the back of the 

neck. Thdr efferents join with the central and apical groups. 
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(c) Lateral group. They lie along the medial side of the axillary ran and vary 
from 4 to 6 in number. They receive all the lymphatics of the upper limb except 
those which accompany the cephalic vein. Their efferents join with the central and 
apical groups and a few with the lower deep cervical lymph nodes. 

{d) Central group. They are 3 to 4 in number and lie in the fat filling the axilla. 
They have got no particular area of drainage but they receive afferents from the 
other axillary lymph nodes. Their efferents pass to join with the apical group of 
axillary lymph nodes. 

(e) Apical or deep inf raclavt cul ar group. They are 6 to 12 in number. They are 
situated in the angular interval between the clavipectoral fascia in front, axillary vein 
behind and the first intercostal space below. They are of great importance because 
they receive some lymph vessels directly from the upper part of the breast and from 
the other parts of the breast indirectly through other subsidiary lymph nodes. They 
also receive lymphatics from the upper limb, which accompany the cephalic vein, 
i.e., lymphatic draining the thumb, index finger and the outer side of the hand and 
forearm, and they also receive afferents from the other groups of axillary lymph 
nodes. Their efferents unite to form the subclavian lymph trunk which on the right 
side opens in the angle between the right subclavian and right internal jugular veins, 
and on the left side, into the thoracic duct. Some of them may pass to the lower 
deep cervical lymph nodes. 


THE LYMPH NODES OF THE INFERIOR EXTREMITY 

The terminal lymph nodes for the inferior extremity are the inguinal group of 
lymph nodes except those draining the deep structures of the gluteal and ischial 
regions which follow the superior and inferior gluteal arteries and terminate into 
the internal iliac group of lymph nodes after traversing though some intermediary 
nodes. The intermediary- lymph nodes of the inferior extremity are the popliteal 
lymph nodes. Thus the lymph nodes of the inferior extremity can be discussed 
under popliteal lymph nodes and the inguinal lymph nodes. 

The popliteal lymph nodes drain the deeper structures of (structures lying 
deep to the fascia crusis) the leg and receive some superficial lymphatics which 
accompany the short saphenous vein. They consist of 6 or 7 in number and are 
situated in the fat of the popliteal fossa in close relation with the popliteal vessels. 
Most of them lie along the sides of the popliteal vessels, one lies in front of them and 
intervenes between them and the back of the knee joint, and another lies at the 
termination of the short saphenous vein into the popliteal vein. 

The efferents from the popliteal lymph nodes mostly run along with the femoral 
vessels and terminate into the deep group ofinguinal lymph nodes but a few of them 
accompany the great saphenous vein and terminate into the superficial group of 
inguinal lymph nodes. 

The inguinal lymph nodes. The inguinal lymph nodes lie immediately below 
the inguinal ligament in cases of adult and over the ligament and sometimes above 
the ligament (McGregor) in case of the infants. They consist of two groups, super- 
ficial, lying over the fascia lata and deep, lying beneath the fascia lata. 

The superficial inguinal lymph nodes. They consist of two sets, a proximal or 
horizontal set lying immediately below and parallel to the inguinal ligament, and a 
distal or vertical set lying along the upper end of the great (long) saphenous vein. 

(a) Th e proximal or horizontal set again c onsists of lateral and media l members. 
The lateral members receive tEcTymphatics from the buttock and the lateral half__ 
of tb el lower "part of the abdomen Jbclnw-thg_umbUici[si THe medial numbers of 
this group receive ly&ph vessla "draining the skin of the p enis, Icrotiim , p erine um, 
from the mucous membrane of the anterior part of the urethr a, the anal • 1 ^ 

circumanal region and the medial half of the lower part of the abdomen ’ 
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umbilicus and also the lymph vessels which accompany the round ligament of the 
uterus, the lymphatics of the labia majora and the lower part of the vagina In ca-s 
of female. 



W A ' S u l ° r 1116 • Vert ‘S, 1 set rcc cives lymph vessels which accompany the 
AS saphenous vein. These lymph vessels drain the whole of the lower 


liml. ArAe .h?t r ,i. Wn ' Th " c I V m P h vessels drain the whole of the lowe 
omcr tid?of .hr w™ 'rv, 6 ° u ! Cr sldc . of ,hc dorsum of the foot, and the back an. 
the ItSmm. ,h Thcy a S ° rcceivc somc lymphatics of the buttock, penis am 

? 01 f i thc ^pc^cial in Su inal ] >™ph nodes pass to join with the 
lymph nodes ^ P no ^ cs * Some of them join with the deep inguinal 

the fSd A b 3\ mda ‘ ^ are 2 or 3 in number lying beneath 

canal one at thr asp ? ct of ^e femoral vein. One lies in the femoral 

vdnwhhthe - nng ^u d ° nC ?* th «= junction of the great (long) sphenous 

the Sral v,^ u 1 "- J hc y receive all the deep lymphatics accompanying 

female and also Prom t ^ c gknsjjcpjs in male and the clitoris in the 

The rnvAAfr ^ ph , vcss ^ ls Pr piuthemperficial inguinal lymplH^es. 
lymph nodes. r ° m l ^ e dee P u, S u,na I lymph nodes join with the externa! iliac 


LYMPHATICS OF THE HEAD AND NECK 

sunc^d3 )h a nd CS f t^ nin ^ thc hcad and ne ck pass through two set oflymph nodes, 
SSrftheheS^i 8up ^ daI . sct of lymph nodes drains the superficial 
tissues of the head and neck and g,vc rise to efferent lymph vessels which nominate 
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in the deep group of lymph nodes. The deep group of lymph nodes forms the main 
i chain oflymph nodes draining the head and neck and are called- the deep cervical 
lymph nodes. They lie along the internal jugular vein in front of the prevertebral 
fascia behind the posterior border of the sternocleidomastoid musde and extend 
from tire base of the skull to the root of the neck. The main lymphatic trunk from 
the deep cervical lymph nodes at the root of the neck is called the jugular lymph 
trunk which ends by opening into the thoracic duct on the left side and into the angle 
of junction between the subclavian and the internal jugular veins on the right side. 

Superficial group of lymph nodes. The following are the superficial groups of 
lymph nodes, each of which has its own territory which it drains and gives rise to 
efferent vessels which end into the deep cervical lymph nodes. 

Occipital lymph nodes. The occipital lymph nodes are 2 or 3 in number 
and they lie on the trapezius muscle where it is pierced by the occipital artery and 
correspond to a point about an inch inferolateral to the inion. They drain the 
post erior par jof t he sca lp. 

Mastoid lymph nodes. One or two mastoid lymph nodes lie over the mastoid 
part of the temporal bone in company with the posterior auricular artery. They 
receive the afferents from the sides of the scalp and the a uricle. 

Superficial parotid lymph nodes. They lie superficial to the parotid fascia oppo- 
site the superficial temporal and the transverse facial arteries. They drain the 
scalp, aur icle, eyelids an eLthexheck. Their efTerents pass to the superficial cervical 
and tHe~Seep parbtidTymph nodes. 

Superficial cervical lymph nodes . They form a chain of lymph nodes which lie 
along the externa! jugutar vein superficial to the sternocleidomastoid muscle. 

Submandibular lymph nodes. They lie along the facial artery on the submandi 
bular gland and intervene between it and the lower jaw. They receive afferents 
from the s ubment al and the facial lymph nodes which are truly its extensions; 
they also receive lymph vessels from the face, cheek, nose, upper lip, gums, and 
tongue. 



f. Kg. 66t. The lymphatic drainage of the face. With kind permission from Prof. W. H. Hoilinshed 
V; Anatomy for the Surgeon, Vof. t, Paul B. Hoeber I.N.C. ' 
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Submental lymph nodes. They lie on the mylohyoid muscle below the sym- 
physis menti and receive afferents from the chin, lower lip, and the tip of the tongue. , 
Some of their efferents end in the sub-mandibular lymph nodes and some in the 
jugulo-omohyoid lymph nodes (deep cervical). 

Facial lymph nodes. They are inconstant in their distribution and 1 or 2 may 
be found along the fecial artery opposite the lower border of the jaw. 

Deep cervical lymph nodes. The majority of the deep cervical lymph nodes lie 
undercover of the posterior border of the sternocleidomastoid although many of them 
extend forwards in the upper part of the anterior triangle and extend backwards 
beyond the posterior border of the sternocleidomastoid into the posterior triangle. 
AU of them lie superficial to the prcvertebral fascia which intervenes between than 
and the cervical and the brachial plexuses of nerves. The accessory nerve which 
lies between the prcvertebral fascia and the investing layer of the deep cervical 
fascia is surrounded by these nodes both at its entrance into the sternocleidomastoid 
and at its exit from the same. The inferior belly of the omohyoid subdivides the 
deep cervical lymph nodes into upper and lower groups. A few lymph nodes 
of the upper group extend medially behind the nasal part of the pharynx and are 
known as the retro-pharyngeal lymph nodes. Those which lie immediately below the 
posterior belly oT"thc digastric along the terminal part of the (common) facial 
vein come under the jugulo-digaslric gspup.JTht)[ receive afferents from the 
superficial lymph nodes and" from the tongue? ’ The lymph nodes lying above the 
posterior belly of the omohyoid where it crosses the internal jugular vein come under 
the jug’tlo'omohyoid group. They receive afferents from the superficial lymph 
nodes, frOm the upper deep cervical lymph nodes and from the tongue. Some 
of the lower deep cervical lymph nodes receive lymphatics from the axilla and the 
breast. Some of the forward extensions of the deep cervical lymph nodes arc 
known as infrahyoid, prelaryngeal and para-tracheal groups. The i nfrahy ma 
group lies on the hyothyroid membrane and receives afferent vessels which accom- 
pany the superior laryngeal artery; they drain the upper part of the larynx as far as 
the vocal fold. The prelaryng;al__group lies on the cricothyroid membrane while 
the para-tracheal group lies in the groove between the trachea and the oesophagus. 
They receive afferents from the larynx below the vocal fold, from the oesophagus 
and from the thyroid gland. 


THE LYMPHATICS AND THE LYMPH NODES 
IN THE ABDOMINAL CAVITY 

The lymph nodes of the abdominal cavity, as in elsewhere, are situated in 
close relation with the blood vessels. The main groups arc situated along the abdo- 
minal aorta and the subsidiary groups arc situated in relation with the smaller 
blood vessels which are descendants from the abdominal aorta. The main lymph 
nodes lie in close relation with the main branches of the abdominal "aorta and they 
are placed anteriorly, posteriorly as well as at the sides in relation with the abdominal 
aorta and accordingly they are named as pre-aortic, lateral aortic (right and left) 
and retro-aortic group of lymph nodes. 

Frc-aortlc group of lymph nodes. These lymph nodes aie situated in 
front of the abdominal aorta in relation with its three ventral branches namely, 
coeliac, superior mesenteric, and inferior mesenteric and they are named accordingly 
as the coeliac, superior mesenteric and inferior mesenteric groups of lymph nodes. Directly 
and indirectly through outlying and intermediary groups of lymph nodes they drain 
the whole of the gastro-intestinal tract below the diaphragm and also drain the 
spleen, pancreas and the Jim - and their efferents unite to form the intestinal lymph' 
trunk which opens into the cisterns chyli. 

, The outlying lymph nodes in association with the coeliac group consist of 
three sets namely gastric, hepatic and pencreatico-splenic groups of lymph nodes. 
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The gastric group again consists of left gastric, right gastro-epiploic and the pyloric 
groups of lymph nodes. The left gastric group lies in relation with left gastric artery 
in between the two layers of the lesser omentum. The right gastro-epiploic group 



consists of 5 to 7 lymph nodes which lie in between the two layers of the greater 
omentum along with the right gastro-epiploic artery opposite the pyloric-half of 
the greater curvature of the stomach. The pyloric group of lymph nodes consists 
of 4 to 5 lymph nodes which lie in the angle between the first and the second parts 
of the duodenum in relation with the bifurcation of the gastro-duodenal artery. 

The hepatic group of lymph nodes lies along the course of the stem of the 
hepatic artery and lies in between the two layers of the lesser omentum. Some of its 
members extend up to the porta hepatis along with the bile duct. One member of 
this group that lies into relation to the neck of the gall bladder is called the cystic 
lymph nodes. 

The pancreatico-splenic group of lymph nodes lies in association with 
splenic artery along the posterior surface and the upper border of the body of the 
pancreas ; the superior mesenteric group of lymph nodes lies around the origin of the 
superior mesenteric artery and is continuous with the mesenteric lymph nodes lying 
along the root of the mesentery. These lymph nodes drain the territories of the 
gastro-intestinal tract supplied by the superior mesenteric artery. r 

The inferior mesenteric group of lymph nodes lies on either side of the origin of the 
inferior mesentric artery. They drain the area of the gastro-intestinal tract sup- 
plied by the inferior mesenteric artery. 

Lateral aortic group of lymph nodes. They consist of two chains, right and 
left, which lie on the corresponding side of the. abdominal aorta. Each group lies 
in front of the medial margin of the psoas major muscle and the crus of the dia- 
phragm, The right chain is closely related to the right margin of the inferior vena 
cava and in front of the latter opposite the termination of the right renal vein. 

Retro-aortic lymph nodes have no particular area of drainage and they are 
believed to be the spread-out members of the lateral aortic group of lymph nodes. 
They receive some efferents from the lateral aortic group. 

Below the bifurcation of the. abdominal aorta there are three bilateral sets of 
lymph nodes and a single posterior set. The bilateral sets are common iliac, ex- 
ternal and internal iliac groups of lymph, nodes. The posterior set is the sacral 
set. These lymph nodes drain the pelvic viscera and its parieties.. V 
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the glans penis or clitoris, abdominal wall and some of the pelvic viscera, membranous 
part of male urethra and some of the internal iliac group of lymph vessels. 

The sacral lymph nodes number about 5 or 6 lymph nodes and they He in the 
concavity of the sacrum close to the middle line. They drain the prostate, rectum 
and their efferents pass to the internal iliac and lateral aortic groups of lymph nodes. 


THE LYMPHATICS AND THE LYMPH NODES OF THE THORAX 

The lymphatics of the thorax are arranged into groups of lymph vessels which 
drain the thoracic walls or the parieties and the thoracic viscera and accordingly 
they may conveniently be divided into the parietal and visceral lymphatics. 

The parietal lymphatics are further subdivided into superficial and deep 
sets of lymph vessels which drain into the regional lymph nodes. The superficial 
sets of lymph vessels drain the skin and the subcutaneous tissues whereas the deep 
set drains the deeper structures of the thoracic walls. Thus the parietal lymphatics 
may be discussed as below: 

A. The lymphatics and the lymph nodes which drain the superficial 
tissues of the thoracic walls, (a) Majority of the lymph vessels draining the 
anterior and posterior walls end into the axillary groups of lymph nodes. 

(A) Some of the vessels from the pectoral region pass upwards, cross the clavicle 
and end in the lower cervical group of lymph nodes. 

(c) Lymph vessels from the medial side of the anterior thoracic wall freely 
communicate with the lymph vessels of the opposite side. 

(d) Lymph vessels draining the superficial aspect of the Jatissimus dorsi and the 
t trapezius form 8 to 10 lymph vessels which end in the subcapsular group of axillary 

lymph nodes. 

B. The lymphatics and the lymph nodes of the deep tissues of the 
thoracic walls consist of internal mammary, intercostal and diaphragmatic groups 
of lymph nodes. 

The internal mammary lymph nodes consist of two sets of small lymph 
nodes which accompany the internal mammary artery. They receive aflerents 
from deeper part of the anterior abdominal wall above the umbilicus, from the 
! upper surface of the liver and from the deep part of the anterior thoracic wall, 
i Their efTerents unite to form a single trunk which may end by opening at the angle 
; of junctio n between th e subclavian and internal jugular vein or may end in thoracic 
duct on the left side or in the eight subclavian trunk on the right side. 

The intercostal group consists of two sets of lymph nodes, one on each side 
i of the vertebral column, which are present in the posterior wall of the thoracic cavity 
- in relation to the heads of the ribs. They receive aflerents from the posterolateral 
( aspect of the thoracic wall. Their efferents end in the following ways : (i) those 
from the lower 4 to 5 spaces unite to form a single trunk which ends in the cistema 
. chyle or the commencement of the thoracic duct; (ii) those from the upper spaces 
\ on the left side end in the thoracic duct, and on the right side, in the right lymphatic 
j duct. 

f The diaphragmatic groups of lymph nodes, are anterior, right and left 

i lateral, over the thoracic surface of the diaphragm. The anterior group is situated be- 
? hind the xiphoid proeessandreceiveafferentsfrom the liver and from theanterior part 
* of the diaphragm. Their efferents pass to the internal mammary lymph nodes. 

;* The lateral sets are situated on the corresponding lateral aspect and receive afferents 
{ from the lateral and middle aspects of the diaphragm on the right side and from the 
(i convex surface of the liver. Their efferents pass to the posterior mediastinal lymph 
5 nodes- 

^ The visceral lymph nodes constitute the most important group of lymph 

h nodes and consist of (a) innominate group of lymph nodes, {b) posterior mediastinal group 
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of lymph nodes, {c) the trachea-bronchial group of lymph nodes, and (d) pulmonary Ijrrfk 
nodes. 

(a) Tie innominate lymph nodes are situated in the anterior part of the 
superior mediastinum in relation to the front of the brachiocephalic (innominate) 
vein and the great vessels from the arch of aorta. They receive afferent* from the 
pericardium, thymus gland and also some of the diaphragmatic (lateral) lymph 
vessels. Their efferents unite with those of the tracheo-bronchial lymph nodes to 
form the corresponding bronchomediastinal lymph trunk. 

(b) Posterior mediastinal lymph nodes lie in relation to the oesophagus 
and the descending thoracic aorta in the posterior mediastinum. They receive 
afferents from oesophagus, pericardium and the adjacent structures. Their efferents 
end in the thoracic duct, some may end in the tracheobronchial lymph nodes. 

(c) The tracheobronchial lymph nodes are the most important group of 
lymph nodes and they lie in relation to the trachea, the bronchus and the lung. 
They consist of five groups of lymph nodes as follows : 



Tig. 667. The tracheo-bronchial and the pulmonary group* of lymph nodes. 

(i) Para-tracheal - — lying on either side of the trachea. 

(ii) Superior tracheo-bronchial — lying on the either side in "the angle 
between the trachea and the bronchus. 

(hi) Inferior tracheo-bronchial lymph nodes — lying in the angle 
formed by the bifurcation of the two bronchi. 

(iv) Broncho-pulmonary lymph nodes — lying at the hilum of the lung. 

(v) Pulmonary lymph nodes — They lie in the lung substance in relation 
with the finer bronchi. 
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.. The tracheobronchial lymph nodes drain the lungs, trachea and the heart. 
Their efferents unite with those of the innominate lymph nodes to form the right and 
left broncho-mediastinal lymph trunks. The right broncho-mediastinal lymph 
trunk usually opens into the right lymphatic duct and the left opening in the thoracic 
z duct. 

- JV.ih— -Dust and carbon aceous particles gain their access into the lungs 

* through air by breathing an d this is pa rticularl y so in case of city dweller s. From 
: the lung alveoli, these particteTpass through its wall into theiyrnpfi capillaries. 

As the lymph containing these particles passes through the lymph nodes the cells of 
. the latter remove these particles which are subsequently deposited in their substance 
' and the stroma of the node and as a result, the node gradually becomes darker and$ 

Z darker as life continues. In tuberculosis these nodes are almost invariably affected 
r and once a caseous node bursts into a bronchus the disease will spread rapidly into 
the different parts of the lupg. 

cistema chyli is an elongated lymphatic receptacle which ends into a 
5 blind extremity inferiorly but is continuous upwards as the thoracic duct and is 
formed by the confluence of the three great lymph trunks, the right and the left 
lumbar and the intestinal lymph trunks. 

Size and form. It is an elongated oval body which is broader below and gra- 
dually becomes narrower to become continuous with the thoracic duct. It is about 
2 to 3 inches long and measures transversely about to of an inch at its widest 
part. However, in some cases, it is either irregular in its form or it is split into a 
plexus oflymphatics. 

Situation. It is situated opposite the bodies of the first and the second lumbar 
vertebrae between the abdominal aorta on the left side and the right crus of the 
diaphragm and the azygos vein on the right side. 

Relations. Posteriorly it is related of the front of the bodies of the first and 
the second lumbar vertebrae together with the anterior longitudinal lighment 
and the first and the second lumbar arteries. Anteriorly it is related to the abdominal 
aorta on the left side and the azygos vein and the right crus of the diaphragm on the 
right side. To the right is the right crus of the diaphragm and to the left is the 
left- crus of the diaphragm. 

Tributaries 

Intestinal lymph trunk. 

Right and left lumbar lymph trunks. 

Development. It develops from the primitive lymph sacs situated on the 
posterior wall of the abdominal cavity. 

\y r The thoracic duct. The thoracic,duct is the largest lymphatic pathway which 
carries lymph or chyle from the different parts of the body to die blood. 

Course. It varies from 14 to 18 inches in length. It begins opposite the twelfth 
thoracic vertebra as a direct continuation of the cistcma chyle and enters the 
thorax through the aortic opening in the diaphragm. In the thorax it at first 
ascends upw ards in the po sterior mediastinum injront of the vertebralJwjlumn on , \ 
the right sideof thejnedian plane, then opposite the level. of fourth t horacic 2 > 1 
vertebra it crosses t o th e left of the median plane and ascen ds upw ardsjn. the superiog^- 
mediastinum to the_root_of the neck.. It then enters the necklHrough the thoracic 
i inlet and opposite thejxansverse pro cess of the sev enth cervical vertebra it curves 
upwards and laterally and'finally descending downwards it'ehfls by opening into 
£ the angle of junction betw een the left su bclavian and the left internal jugular ve ins . 

Relation — ( Thoracic part ) . 

In the posterior mediastinum it lies in front of the lower eight thoracic vertebrae, 
anterior longitudinal ligament, right aortic intercostal arteries and the terminal 
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portions of the hemiazygos veins. In the superior mediastinum it lies in contact 
orith the mediastinal pleura. Anteriorly, it is in i elation to the diaphragm only at 
the lower part of the posterior mediastinum and throughout the rest of its count , 
in the posterior mediastinum it lies behind die oesophagus. In the superior medias- 
tinum it lies at first behind thc'arch of the aorta, then it ascends upwards behind 
left subclavian artery. In the posterior mediastinum it lies between the azygos 
vein on the right side and the descending thoracic aorta on the left side. In the 
superior mediastinum it lies on the left side of the oesophagus. 

Relation — (Cm teal portion). 

I» enters the neck behind the left subclavian artery and passes laterally in front 
of the left vertebral system (vertebral artery, vertebral vein andLsyinpathctic trunk} 
and behind theleit carotid system (common carotid-artery, vag us nerve an d intern al 
jugular vein). Then it crosses in front of the scalenus_ antgaor.-musc!e and the 
phrenic nerve and finally descending in front of the left subcla vian_ar tery-i t ends in 
the angle of junction between the left subclavian anSfthc left internal jugular veins. - 



Fig. 6G8. The relations of the thoracic duct to the neck. With kind permission from 
Prof. NY. H. UolUmhed, Anatomy For the Surgeon, Vol. 1, Paul B. llocbcr I.N.C. 

The thoracic duct receives lymph from all the parts of the body except die right 
side of the head, neck, and the thoracic wall and right superior extremity, right 
part of the heart, right lungs and pleura and the convex surface of the liver. 

Tributaries — 

0) At its origin it is joined by a descending trunk which drains the posterior 
intercostal lymph nodes of the lower 6 or 7 intercostal spaces on 
either side. 

(ii) Lymph trunk draining the posterior mediastinal lymph nodes and the 

C iterior intercostal lymph nodes of the left upper six intercostal spaces, 
ft jugular trunk draining the left side of the head and neck. 

(jv) Left subclavian lymph trunk from the left superior extremity. 

(v) Left bToncho-meuiasiinnl lymph trunk (not usual). ' 



VISCERAL SYSTEM OR SPLANCHNOLOGY 

DIGESTIVE SYSTEM 


All living organisms require food in some form or other which provides energy 
for the maintenance of life, growth and repair of the tissues. The digestive system 
is a combination of organ system in the body mechanics which is conveniently 
adapted for ingestion, digestion, and assimilation of food and for elimination of the 
non-absorbable food residue, 
that is, the stool or the faeces. 

Basically, in all vertebrates, 
the digestive system consists 
of a long tubular structure 
with two openings, one at 
each end; one of these open* 
ings serves for the intake of 
food and the other for the 
exit of the non-absorbable 
food residue, the stool. The 
opening that is meant for the 
entrance of the food is known 
as the mou0i and that which 
is meant for the exit of the 
stool is known as the anus. 

The portion that intervenes 
between the mouth and the 
anus is variously oriented to 
be subdivided into different 
functional units, each sub- 
serving its own function as a 
helping hand for its successor 
with the ultimate object of 
digestion, assimilation and 
elimination of waste pro- 
ducts. The section between 
the mouth and the anus is 
thus subdivided into pharynx 
and oesophagus, stomach, 
small intestine and the large 
intestine. The small intestine 
is further subdivided into 
duodenum, jejunum and 
ileum, and the large intestine 
into caecum, appendix, 
ascending colon, transverse 
colon, descending colon, 
pelvic colon, rectum and anal 
canal. The whole tract 
beginning from the mouth 
to the anus is known 
as the alimentary canal . 

Elaborate glandular orga- 
nisations associated with the 
alimentary canal which helps 
variously in the process of digestion, assimilation and elimination of food residue, 
and the whole alimentary canal together with its associated glands subserving the 
common purpose as stated above is included in digestive system. 
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The evolution of the digestive system. In the unicellular organism like the protozoa, or ua the 
other simpler forms of life such as the baztaia there is no digestive system. They also need food but tht 
simplicity of their body mechanics does not require for the existence of a separate digestive men 
and they absorb food in solution from their body surface. In the higher forms like the ruia^yu i 
multicellular organism, there develops a specialized cavity within the body, the erJeron which is provided 
with njdy one opening which serves for both entrance of food and exit of food residue as for example tv 




GxlrrUtaia In the still higher forms, such as in the Annelida, there is further advancement ttt <h 
development of die digestive tube; here the entcron is provided with two openings, one for the entraac 
of food and die other for the exit of food residue. In die fiikes, there is further elaboration of the catena 
In addition to the mouth, the anterior part of the entcron provides openings to the exterior au- 
dits in association with the formation of the gill arches. Moreover the cavity of the entcron, ta so* 
tic® to the formation of pharynx in which there arc the gill arches and the gill stits, there develops 
reception chamber, the stomach, and a digestive chamber, the intestine, and the mouth cavity is endowe 
with teeth. In some vertebrates, such as the letrapoda, further elaboration in the entcron is die for®- 0 
tion ot the oesophagus, tongue and the rectum. In higher mammals, such bs in man, there is marte 
development of the intestines which can be divisible into large and small intestines. The rmall iota® 
ran be divisible into duodenum, jejunum and ileum and the large intestine has developed enonnoift; 
to form caecum, vermiform appendix, ascending colon, transverse colon, descending colon, pel'i 
colon, rectum and anal canal. 
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THE MOUTH AND THE LIPS 

^ .The mouth or the oral cavity consists of two parts, a vestibule and a mouth cavity 
proper. These two parts arc separated from each other by the teeth, the alveolar 
i' processes and the gums. When the mouth is closed the two parts communicate with 
'' each other by a narrow space between the last molar teeth and the ramus of the 
t mandible, and when it is open, by the space between the upper and lower teeth. 

* The vestibule is bounded, externally, by the lips and the cheeks, and internally, 
f by the upper and lower teeth. It opens externally at the aperture of the mouth. 
^ The parotid duct opens into the vestibule of the mouth in the summit of a papilla 

* opposite the upper second molar tooth. 

The lips are soft movable structures which surround the oral aperture; they 
are two Sn number, upper and lower, and each has a free border and an attached 
border. On each side, the two lips meet at an angle called the angle of Ike moulk. 
The attached border of each lip, besides having a muscular slip of attachment to the 
bone (Incicivum Iabii superioris and inferioris), is fixed to the respective jaw by a 
median fold of mucus membrane called the frenulum of the lips. The free margin and 
the inner aspect of each Up are covered by the mucous membrane and consequently 
they are more transparent. Due to this transparency the underlying capillaries 
impart their reddish-pink colour to these parts of the lips. Externally the lips are 
covered by the skin. In between the skin and the mucous membrane there lie the 
voluntary muscular sphincter, the orbicularis oris , externally, and the submucosa 
containing the mucous glands internally. Thus structurally each Up consists of 
cutaneous, muscular, glandular and mucous layers from without inwards. The 
superior and the inferior labial branches of the facia] artery anastomose with each 
other to form a complete arterial circle around the lips and are placed between the 
muscular and glandular layers. The arteries passing to the individual lip can be 
compressed by grasping the respective lip between the fingers. Thus haemorrhage 
from the lip can be controlled by compressing the same on either side by fingers. 

The check consists of six layers and from without inwards they are the skin, 
buccal pad offal , buccopharyngeal fascia, buccinator muscle, molar glands and the mucous 
membrane. 

' 51 „„ „„ 
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Fig. 673. The mouth cavity. 



Fig, 674. The floor of the mouth cavity. 
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The mouth cavity proper has a floor and a roof and communicates posteriorly 
with the pharynx by the Oropharyngeal isthmus and through the pharynx it communi- 
cates with the nasal cavities as well. Anteriorly it communicates with the vestibule 
between the teeth, and with the exterior, through the oral 'aperture. 

The floor of the mouth gives origin to the root of the tongue posteriorly, and 
anteriorly, on either side, it is formed by the sublingual region formed by the sub- 
lingual salivary glands and the mylohyoid, geniohyoid, gcnioglossus muscles and the 
anterior belly of the digastric muscle. Opposite the median plane the undersurface of 
the tongue is anchored to the floor of the mouth by a fold of mucous membrane known 
as the frenulum of the tongue. When the tongue is raised the lingual vein stands out 
blue on its cither side. Lateral to the lingual vein on either side is a fimbriated fold. 
Opposite the root of the frenulum, on cither side, the openings of the sub-mandibular 
ducts can be seen. Running backwards and laterally from it is a rounded ridge 
called the plica sublingualis which overlies the upper border of the sublingual salivary 
gland. 


THE TEETH 

Evolution of teeth. The presence of tceih Is a vertebrate characteristic. In them the aquisi- 
tion of teeth is a new feature which sharply differentiates the vertebrates from the invertebrates who 
do not possess any tooth, although some of them might have hard mouth appendages subserving the same 
functions as the teeth. In the vertebrates, with the progress of evolution, change in form and features 
of the teeth becomes well-defined and such dental features may acquire so much speciality that one 
group of the vertebrates! may bo sharply differentiated from the other by the inspection of die teeth 
alone. 

The post primitive type or teeth is associated with the placoid scales scattered all over the surface 
of the body of the eelachlans, a bind of cartilaginous fish. Structurally these teeth are homologous 
with the teeth of the other higher forms of vertebrates. 

In the cyelostomata, such as in the lampreys and in the bag fishes, the mouth is contained within 
the bottom of a suctorial due, the oral funnel, which is surrounded by a number of papillae or the homy 
teeth. Surrounding the walls of the mouth cavity including the rasplile tongue there are a series 
of rows of sharply pointed homy teeth which are used for making a firm grip on the body of their prey 
for using their oral funnel as a suction cup. 

In the elasmobranchs, another kind of fish, all the teeth are similar in form and they are not 
attached to the jaws but they develop in parallel rows in the mucous membrane of the mouth cavity. 
When a tooth fa lost it is replaced by another which moves forward to take the place of the lost one. 
Such animals arc said to be homademt animals. 

In the telostean fishes a further improvement in the elaboration of the teeth is the fixation of 
the base of each tooth to the underlying bone and reduction in their number. 

In the amphibians the number of the teeth is further reduced towards the progress of evolution. 

In some of the reptiles, such as the crocodiles, there is considerable advancement towards mamma- 
lian characteristics. In them, each tooth Is provided with a separate socket, the number of the teeth 
is limited and they (teeth) nre not similar in tbeir physical form and instead, they arc grouped into 
different forms subserving particular functions. Usually three types of teeth, such as incisors or cutters, 
canines or penetratore (daggers) and molars or grinders, can be identified. Thus the reprilean teeth 
arc or htlnodont types in which their physical forms vary according to the functions. 

In the mammals the teeth are of heterodoat types and the reptilean conditions are mostly repeated. 
In the mammals the number or teeth varies considerably, and both the sire and number are reduced 
in the higher forms. In man the number is 16 in each jaw _(2 incisors, l canine, 2 premolars and 3 
molars) and their number and sire may be reduced in more civilized races. 

d(,B. The birds have no teeth but their beak suhserves the purpose of the both. 

Classification of teeth. Teeth may be classified into deciduous, temporary 
or milk teeth and permanent teeth. The deciduous teeth are twenty in number' - 
— two incisors, one canine and two prcmolars on each half of alveolar arch. The 
deciduous or temporary teeth are replaced by permanent ones. The permanent 
teeth are tliirty-two in number, two mcisors, one canine, two premolars and three 
molars on each half or alveolar arch. Thus it shows that the molars are not preceded 
by deciduous teeth but they are permanent from the time of their eruption. The 
dental formula for the deciduous and permanent teeth is as follows: 

Deciduous tceih „ Permanent teeth 

2 . 1 . 2 / 2 . 1.2 2 . 1 , 2 . 3 / 2 . 1 . 23 ' ' 

i . 2.1.2/2»1.2 271^/2.1.2.3 
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” f "option ofdeddnons teeth. At birth, thcjaws ore rigid bony bat 
iSf? • S" “otPbrane which are just suitable for grasping a nipple. Betwcei 
sixth and ninth months the lower medial incisor first erupts’ out and this is followct 
rental So 1 Inas ? r > “Pi", 1 1 » , ™l incisors, lower lateral incisors, first premolan 
canines and the second premolars and the svholc process is completed by 24 months. 

1 .7' m ' ° r 'cpji.on or permanent teeth. At sixth year, the permanent tectl 

A. r. “”' i 11 “ ' fir,t mol:,r ,h: " appeals first. Because the fust molar 

the « ' ccU "' hld ' appear during the sixth year they are ofien calM 

in tS,c U nIn^ i •” 5 ,Iie , flrIt molars, the deciduous teeth arc replaced by permanent one 
nremnivi „ a d 0rd ' r: - n,cdl x. 1 "' uo ”s ’a"™ 1 incisors, first prcsiiolais, the second 
SSa, ! a . Nc «t, the second molar, iupt out during the IwelM 

fairr w, .li. rnotnn begm to sprout out at about eighteenth year or even mut! 
later. Sometimes they fail to erupt at nil. 

sod fl ?n examination of n tooth. Each tooth consists of a ml, a emits 

nroi^uSluJmd^' 1 ’'"’ b “ r '", l ,"; ill , ,!n lh ' J“"' “ called its root while the poruor 
TiSd^t A* ° d ” *T ° calltd lbc erosvn. The net* is tire constricted portion 
Side, V™ Jun r c, ‘° n helssoen the two portions. At the apex of each root it » 
pin-pomt foramen Inosm as the egirej/oreeira for the trammissiohof vessels and nerves. 
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Each tooth consists of labial, lingual, proximal, distal and occasional surfaces. 
The labial surface is directed towards the lips or check and the lingual surface towards 
the tongue. The opposed bilateral surfaces are called proximal or mesial and distal 
surfaces; the proximal or mesial surface is nearer to the central incisor while the distal 
surface being nearer the third molar. The surfaces of the teeth of the upper and the 
lower jaws which meet one another when the mouth is closed are called the occlusional, 
masticatory or chewing surfaces. 



Fig. 676. The permanent teeth of the left upper and lower jaws. 


Crowns. The crown of each human tooth consists of three tubercles two labial 
and one lingual. In case of the incisors the labial tubercles are iuserf together to 
form a cuting edge and the lingual tubercle is rudimentary. In the canines the labial 
tubercles are fused to form a single large cone and the lingual tubercle is well defined. 
In the premolars, the labial tubercles become cusp-like. The molars in general 
have two labial tubercles and a proximaUingual tubercle except those of the upper 
jaw. The molars of the upper jaw consists of two labial and two lingual tubercles 
(4 tubercles). 

Roots. The roots of the incisors, canines, and premolars are single. The 
molars of the lower jaw have two roots, proximal and distal, while the upper molars 
have three roots, two smaller labial and one larger lingual. 

Structure of tooth. Each tooth is composed of enamel, cement, dentine and 
pulp. The enamel is the white insensitive substance that covers the crown and is of 
ectodermal origin. The cement is bony and covers the roots of the teeth and is of 
mesodermal origin. The dentine is the yellowish basis of the tooth which is extremely 
sensitive and is surrounded by the enamel and the cem mtand contains a cavity within 
known as the pulp cavity. 

Each tooth is contained in a conical bony socket and intervening between the 
root and the socket is a vascular membrane known as the denial periosteum {peri- 
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odomal membrane) which is continuous with the lamina propta of the gum and i 
attached both to the cement of the tooth and the walls of the socket. 


Microscopically the pulp tissue in the adul 
consists of gelatinous bosophile ground substanc. 
of the nature of the mucoid tissue, a numbe 
of thin collaginous fibrils running in all dircc 
tions, a few star-shaped cells, macrophages ant 
a few lymphoid cells. The ceils in close coniac 
with the dentine are large, elongated and an 
arranged like the epithelial cells. They an 
called the odontoblasts which send out their pro 
toplasmic processes through the dentinal tubule 
of the dentine. It also contains blood vessel* 
nerves and lymphatics. 

Vessels of the teeth. The molars and 
the premolars of the upper-jaw are supplied 
posterior superior dental branches of die maxi' 
Ilary artery while the incisors and the canine 
are supplied by anterior superior dental branclie 
from the infra-orbital artery. All the teeth of th( 
lower jaw are supplied by the inferior dental 
branch of the maxillary artery. The artery to 
the pulp enters it through the minute opening 
at the apex of each tooth. 

The veins arc corresponding to the arteries. 
I f™,™ .t. Lymphatics of the teeth. Lymphatics 

LIrom die pulp drain into the sub-mandibular and deep cervical lymph nodes. 



Nerves of the teeth. The 
upper molars and prcmolars are 
supplied by posterior superior dental 
branches of the maxillary nerve 
while the canines and the incisors 
arc supplied by anterior superior 
dental branches of the infra-orbital 
nerves. The teeth of the lower jaw 
arc supplied by the inferior dental 
branch of the mandibular nerve. 


Development. The teeth are 
developed both from ectoderm and 
mesoderm. During the fifth week of 
foetal life, the buccal ectodermal cells 
form a continuous curved thickening 
known as the dental lamina along the 
edge of the future upper and lower 
jaws. Each dental lamina sinks into 
Uic underlying mesoderm and soon 
the epithelial cells show a symmetric- 
ally-arranged bud-like thickenings on 
each tide which form the primodia 
of the enamel organ of the deciduous 
!fC j C ental lamina then ex- 
tends beyond the last deciduous tooth 
germ and forms the primodia of the 
enamel organ of the permanent molars 
’ not preceded by the for- 
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of lymphoid tissue collectively called the lingual tonsil. The mucous membrane » 
continuous with the lingual surface of the epiglottis and opposite the median plane 
a fold of mucous membrane, the glossoepiglottic fold connects the dorsal surface of the 
tongue with the epiglottis; between it and uie pharyngo-epiglottic fold is a deep 
depression called the vallecula. The mucous membrane covering the ora! part of the 
tongue are pervaded with numerous papillae of distinctive appearance. The inferior 
aspect of the tongue opposite the median plane is connected with the floor of the 
mouth by the frenulum and lateral to the frenulum on each side is an indistinct fold 
called the plica jimbriata. In between the frenulum and the plica fimbriata th e venae 
commitansITypoglossi p rofunda linguae v cd il~tag~'?gen shhfeg through tbtnnuisw 
TnemSTanF: — ©o-eitfirrsidc of the tongucT opposite the region of the limbs of the 
sulcus terminal^, there are a series of mucous folds known as the papillae foliatae. 

DIFFERENT PAPILLAE OX TICE DORSUM OF THE ANTERIOR TWO-THIRDS OF THE TONGUE : 

(1) Filiform papillae. They are arranged in ‘V-shaped rows and are 
scattered all over the dorsum of the tongue. They contain touch corpuscles. 

Microscopically each filiform papilla consists of a central core of connective tissue 
which is arranged like the branches of a tree. The branching processes of the con- 
nective tissue core are surrounded by stratified epithelium which taper into pointed 
processes. 



(2) . Fungiform papillae. They are scattered singly among the filiform 
papillae tn the region of the tip and margin of the tongue. 

Microscopically each fungiform papilla presents a constricted stalk and a rounded 
and expanded, flattened top. Each has a central connective tissue core, Th«« 
papulae are rich in blood vessels and therefore they appear to be red in colour, 
n _ P) Vallate papillae. They arc about 12 in number and are arranged In 
\ -shaped rows. They are large and circular and are present on the posterior 
v l^rt front of die sulcus terminal is. They are so called because each of them t* 
encircled by a trench -like furrow (vallum). ' 
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Alicroscopically each papilla consists of a connective tissue core which is surroun- 
ded by stratified epithelium which is comparatively smooth. The epithelial covering 
of each of its lateral wall contains many taste buds. 

Associated with each vallate papilla there are some serous glands (Von Ebner’s 
gland) which are deeply placed in the underlying muscle but their ducts open into 
the trench-like furrow surrounding each papilla. 



(4) Papillae simplicis. They are scattered all over the dorsum of the 
tongue and are microscopic elevations of the corium. 

Foliate papillae. These papillae are well developed in many animals in whom 
they form the main peripheral organ of taste. In man they are rudimentary. They 
ate found on the lateral surface of the posterior part of the tongue and are arranged 
in pairs. 

Glands in connection with tongue. Three types of glands are found in 
association with the tongue namely, mucous glands,. serous glands and mixed type of 
glands. 

Mucous glands are found over the posterior portionjof the tongue, and the serous 
glands (Von Ebner’s) in the region of tKe vallate papillae. The mixed type of 
glands (gland of Nuhn) are usually found on the under-surface of the tip of the 
tongue. 


r 


Difference between the anterior two-thirds and the posterior one-third of the tongue 
Anterior two-thirds Posterior one-third 


Deoelopmentally 


Develops partly from the 
tubereulum impar, a median 
elevation on the floor of the 
mouth and partly from both 
sides of the median plane from 
the ingrowing shelves of the 
mandibular arch. 


Not bilateral in development; 
originates from the anterior 
part of ■' a median ba r, the 
hypobranchial ' eminence "formed 
by the fusion of the second 
and the third arches. 


Structurally 


No submucous coat; consists 
of mucous membrane, tunica 
propria (fibrous storrna) and 
the muscular coat; presence 
of different papillae in the 
mucous membrane. 


Has a submucous coat; no 
papillae in the mucous mem- 
brane; the submucous coat 
presents numerous encapsula- 
ted lymphatic nodules collec- 
tively called the lingual * ' < 
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Functionally 


In ncrvs supply 


Topographically 


Anterior two-lhirds 
Concerned with salt, sour and 
sweet tastes. 

Lingual nerve for general 
sensibility, chorda tympani for 
taste. , 

The dorsal surface is directed 
upwards and lies in front of 
the sulcus terminate; its in- 
ferior surface is attached to 
the floor of the mouth by the 
frenulum linguae which se- 
parates on each side the ori- 
fices of the sub-mandibular 
ducts. 


Posterior one-third 

Concerned with bitter taste. 
\ 

Glossopharyngeal nerve is the 
nerve of both the taste and 
general sensibility. 

The dorsal surface is directed 
backwards and lies behind 
the sulcus terminalis; it u 
attached to the epiglottis bv 
the glossoepiglottic fold which 
separates two fossae, the valle- , 
cula, one on each side. 


Functions of the tongues 

( 1 ) It is the main organ of taste. 

3 ? Kj* 5* mastication by pushing the food in between the teeth. 

f a u C <3/ h deglutition by forcing the bolus of food backwards through the 

(4) It helps in articulation of speech. ^ 


Muscles of the tonguei 

( 1 ) Extrinsic muscles : 
(«) Genioglossus. 

(A) Hyoglossus. 

(c) Palatoglossus. 

(d) Chondroglossus. 
W Styloglossus. 


(2) Intrinsic muscles: 

(a) Longitudinalis linguae superior. 
lb) Longitudinalis linguae inferior, 
(c) Transversus linguae. 

00 Verticalis linguae. 


gen ioglossus* 'hyogtassu^a nd *the the “ trins ' c muscles of the tongue 

same by'thc^pW-nlcal filErfSJ! h >'°S ,ossus muscle and is separated from the 
base of the Iesse/cornu of the hvn.M ^ U ° 8 ? SUS m V scIc ' Jt teia its ori S ifl from 
intrinsic muscle of the d J x>ne - and f sccnds u P w ards to be inserted into the 

hfoghLT h ' ,0nsu ' ,n the fibres of the genioglossus end the 

of longitudinal s^t^nihr^fn^n^ 13511 j- L^&Minatis linguae superior. It consists 
donum of the SSl.'S ,he "■'">>»*”' of the 

septum and passes to the sides ? e s _ u bmucous la y CT and from the median 

tested to the P mucom rn^brn ne P ° f ,h ' '° S °™ <** S bra are in ' 


Longitudinalis linguae inferior. 


It is a narrow band of muscle fibres beneath the 


p«ter^ly P ^e of in fibrmarecormeutttlto^he hyoid bone? ° rth ' ’'’’'‘’S'" 5 "’ 

fibrous septum andexteneb •“* pc ^l ti . on 31111 from thc mcdian 

sides of the tongue. orally to be inserted into the submucous layer at the 

,the dorsu^^tee^nfaioTS’pra^ “f^ton^e.* lh ' sid ' s ° rthe ‘“Sue end connects 
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Vascular supply of the tongue. The Ungual branch of the external carotid 
artery forms the main artery supply of, the tongue.' ”71 ^addition, it gets some twigs 
"from the tonsillarTlrahch of the facial and ascending pharyngeal arteries. The 
veins of the tongue accompany the arteries and end in the internal jugular vein. 

Nerve supply of the tongue. The nerves supplying the tongue consist of 
(1) motor and (2) sensory nerves. 


(1) .Motor nerve. Hypoglossal nerve 
is the motor nerve of the tongue which 
supplies all the muscles of the tongue ex- 
cept the palatoglossus which is supplied by 
accessory nerve through pharyngeal plexus. 

(2) Sensory nerves. The sensory nerves 
supplying the tongue are of two types — 
nerve of general sensibility and nerve of 
special sense, that is, nerve of taste. The 
lingual nerve is the nerve of general sensi- 
bility {i.c., pain, heat, cold, touch, etc.) 
for the anterior two-thirds of the tongue 
and the chorda tympani nerve is the nerve 
of taste for the same area. The posterior 
one-third of the- tongue is supplied by the 
glossopharyngeal nerve which is a nerve of 
taste as well as of general sensibility in this 
p3rt. This p art o f the tongue (mainly 
v allecula of the tongucX also receive s some 
sensor y filarncntsTrom tlieThtcmal jaryn- 
gcal branch’ of IKesupendrlarjmgMljierve. 
For explanation of the different nerve sup- 
plies of the tongue, sec its development. 

Lymphatics of the tongue. The 
lymphatics of the longue arrange in a 
plexiform network within the mucous 
membrane and the muscles of the tongue 
and both the sets of plexuses are conti- 
nuous with each other. 



Hg. 682 The *crwory innervation of the 
tongue. With kind permission from Prof. 
HoUinshtd, Anatomy for the Surgeon*, 
Vol. J, W, JJ. Saunder'* Company, 
Philadelphia and London. 


The portion of the tongue in front of the papillae valla tae is drained by three 
sets offympfi vessels — apicaf, marginal* and ccntrat", and the' p osterior portion of the 
tongue, i.c., th e portion ot Uic tongue lying behind tnc papillae vallatar. is drained-bv 
dorsal or basal sets oHymph vessels. Thus we sec that lour sets oi lymph vessels — 
'apical, marginal, central and tlbrsal or basal, drain the whole of the tongue and the)* 
are distributed in the following ways: 

(n) Apical. These lymphatics drain the tip of the tongue and the region of 
the frenulum and descend downwards through the mylohyoid muscle to 
end in the following ways : 

(i) Some end in the submentallymph nodes and one of these vessels from the 
submental lymph nodes descend downwards over the hyoid bone and 
' ends in the jugulo-omohyoid lymph nodes. 

* (ii) Some end into the sub-mandibular lymph nodes. 

(iii) Some vessels pass deep to the sublingual salivary gland and then 
accompanying the ranine vein end into the jugulo-djgastrie lymph 
nodes. Some others descend dou-mvardi over the tendon of the digauric 
muscle and end in the jugulo-omohyoid lymph nodes. 

(b) Marginal lymph vessels. They drain the sides or margin* of the tongue 
and end in the following ways; 

(i) Some of the marginal lymph vetch descend downwards over the *ub- 
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Ungual salivary gland and pierce the mylohyoid muscle and end in the 
sub- mandibular lymph nodes. 

(it) Some pass deep to the sublingual salivary gland and after piercing the 
mylohyoid muscle end in the jugulo-digastric or jugulo-omohytiid 
lymph nodes. 



* of l Y™P h vessels. These are vessels which drain the are; 
° n u th u r S,d * of thc median raphe. They pass verticall) 
and then d di^lI? U f h , thc mcdian planc between the two gcnioglossi muscle 
lvmnhlr^ ^ C - 1 n th L n ? cdia , n P Ian = to join with thc deep cem'ca 
node? Some P^ aall y th e jugulo-digastric a nd jug ulo-omohyoid lym ph 

oa^ro a f\he^n« l8 Vk°! I - yin f IlvesseIs * These vessels drain the posterior 

Eehind ir n ^ uc » ^hat is, the area of the papillae vallatae and the area 
nass to the 1 I ? cdian P Iane the lymph vessels of one side may 

~? d a " of ‘ hcra P| cr “ the wall of the pharynx and then 
lymph I nodes B car ? Ud artci Y in the jugul^digaitoc 

after nierrlnff vc ? sc k nuty pass behind the hyoid boneand 

omohyoid !>TOph h node°' tll>TOld membrane ma V end »*> tic i a 8 ote * 

sod the 'lymph wwltof cro f s caci * 01 under the frenulum of the tongue 

b-ph sffldo* efferent vc*d, of the tubmentn. 

musd« > is^o'ahcr theshaneonhe^ * hC to “^ e * The main action of the intrinsic 
~ Tcnt pc |he tongue whereas the extrinsic muscles are concerned 

T £^ th . cr m °vcmenLs of the tongue and these arc as fallow- 


With difTermt 031X1 0 thc ton g« e Whereas the ext 

(if protrulion^h 11 ? 1 ^ ° f lh ' ton S ue and these arc as follow: 
K ’ 1 r ° tni3,on of thc tongue— Genioglossus of both sides. 
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(2) Retraction of the tongue — Styloglossus of both sides. 

(3) Depression of the tongue — Hyoglossus of both sides. 

(4) Elevation of the root of the tongue — Palatoglossus of both sides. _ 

Development of the tongue. The anterior two-thirds of the tongue are 
developed from the tuberculum impa r, a median elevation on the floor of the mouth 
and partly from the ingrowing shelves of the first or ma ndibular arch from either si de. Thus 
it is evident that the anterior two-thirds of the tongue are mostly bilateral in origin 
and the bilateral lingual swellings fuse with each other and with the tuberculum 
impar opposite the median plane. The mandibular nerve being the nerve of the first 
or mandibular arch the epithelium of the anterior two-thirds of the tongue is supplied 
by the same nerve through its lingual branch. The tuberculum impar develops in 
betiveen the second arches and receives itsrierve supply From the nerve of the second 
arch (facial) and as the tuberculum impar fuses with the anterior two-thirds of the 
tongue the latter receives the chorda tympatii nerve (from the facial). 



The posterior one-third of the tongue develops from the anterior part of the hypo bran- 
chial eminence formed by the fusion of the second and the third arches. It grow 
forwards with a ‘V’-shaped anterior border which joins with the anterior two-thirds. 
The foramen caecum indicates the position of the thyroid diverticulum and is placed 
at the apex of the f V'-shaped sulcus, the sulcus terminalis of the adult tongue. The 
glossopharyngeal nerve being the nerve of the third arch, the epithelium of the 
posterior one-third of the tongue is supplied by the same nerve because the mesoderm 
of the third arch grows and buries the mesoderm of the second arch. 

The muscles of the longue are derived from the occipital myotom e which migrate into 
the tongue. The hypoglossal nerve being the nerve oFlhe occipital myotomes the 
muscles of the tongue derive their nerve supply from the same source. 

Histological structure. Structurally the tongue consists of interlacing bundles 
of striated muscle, a layer of mucous membrane and a submucous fibrous layer 
known as the lamina propria or the coriian. 

Muscular layer. This forms the deepest layer and consists of interlacing bundles 
of striated muscle fibres which run in three planes and intersect one another at right 
angle. 
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The submucous layer. There is no loose submucous layer over the dorsum of the 
tongue. However a loose submucous layer is present over the under surface of the 
longue. Tim lamina propria or the corium of the mucous membrane is a deme 
feitwork of connective tissue consisting of white collagenous fibres and a few elastic 
fibres. Over the dorsum of the tongue the mucous membrane and the corium being 
tightly adherent to the underlying muscle mass there is no loose submucous layer ash 
found elsewhere. In this situation the lamina propria of the muco us m embrane 
is fused with the interstitial connective tissue of the muscle. The blood vessels, nerve 
and lymphatics form intricate large plexuses in this layer and the different glands 
of the tongue arc found to be scattered in this layer. 

Mucous membrane . The mucous membrane overlies the corium or the Iam’uu 
propria and is lined by stratified epithelium. Over the anterior two-thirds of the 
tongue it contains different types of the papillae which have already been described 
and over the posterior one-third it contains the lingual tonsils consisting of a large 
number of lymphoid follicles. Each lymphoid follicle is a rounded body which 
causes elevation over the tongue. Each has a central opening which opens into a 
dilated recess and surrounding this recess are found a number of nodules of lymphoid 
tissue each of which receives a fibrous investment from the corium. 

Taste buds. The taste buds are the gustatory or taste ‘organs which are specia- 
lised ncuro-epithclial end-organs for taste and are distributed in the tongue and 
in the neighbouring areas. 

Structure. They are flask-shaped bodies, each having a base and an apex. The 
base is attached to a basement membrane over the corium of the tongue while the 
apex projects towards the free surface. Opposite each taste bud, the covering sur- 
face epithelium is pierced by a small opening known as the outer taste pore or the 
gustatory' pore. Each taste bud is associated with a filament of nerve of taste from the 
sub-epithelial nerve plexus. 

Each taste bud consists of two types of cells, supporting cells and neuro-epithem 
taste cells or gustatory ce lls. The supporting cells are spindle-shaped and their ends 
surround a smaHopening known as the inner taste pore which leads into a small pit-uke 
cavity. The neuroepithelial taste cells are rod-shapeed cells having a central nucleus 
and are found to be placed between the supporting cells. From the free end of each 
cell a short taste hair is found to project through the inner and outer taste pores. 

Four kinds of basic tastes namely, salt, sugar, sour and bitter are recognised and 
the taste buds are the receptors for them. Though carrying different types of taste 
sensation no structural peculiarides have been identified in the taste buds. 

Distribution: 

(1) They’ are abundantly present around the vallate papillae and a few around 
other papilla. 

(2) Along the sides of the tongue. 

(3) Over the mucous folds forming the papillae foliatae. 

(4) Over the lingual surface of the soft palate. 

(5) Posterior surface of the epiglottis. 

(6) Posterior wall of the pharynx. 


THE SOFT PALATE 

. st ^" t palate is a movable curtain which projects downwards and backwards 

into the pharynx and form* an incomplete septum between the mouth and the 
pharynx. It helps to shut off the nasai part of the pharynx from the part below 
during deglutition. Anteriorly it is attached to the posterior margin of the hard 
P 3 " 1 *- O” each side it is connected with the pharynx by the palatopharynge al 
arches. Posteriorly it is freehand from the middle of its posterior fnargma cmnfal 
process termed the nrafa, projects downwards. The upper surface of the soft palate 
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; « convex and is continuous with the floor of the naml cavity. Its lower surface is 
concave. Along its median plane an elevated smooth ridge may be found, indicating 
the line of fusion. Around the free posterior border the two surfaces of the soft palate 
are continuous with each other. 

The soft palate consists of a double folds of mucous membrane which contains 
• the following structures in between its two layers. 

(A) Palatal muscles: 

(11 Two levator palatini. 

1 (2) Two tensor palatini. 

(3) Two glosxopalatini (palatoglossus), 
i (4) Two pharyngopalatmi (palato-pharyngeus)!— 

(5) The musculus uvulae. w 

(B) Palatal aponeurosis. ^ 

, (C) Palatal glands. ^ 

! (D1 Arteries: w 

(!) Ascending palatine from facial. 

(21 Palatine branch from ascending pharyngeal. ^ 

(3) Twigs from the lesser palatine branch of the descending palatine branch 

of the maxillary artery. w 

(4) Twigs from the dorsal branch of the lingual artery. 

(E) Kents: ^ 

(J) Greater and lesser palatine from the sphenopalatine ganglion. 

(2) Brandies from the pharyngeal plexus. v- 

Nerve supply of the soft palate. Motor supply. All the muscles of the soft 
palate are supplied by the accessory nerve through the pharyngeal plex us (vagus) 
except the tensor palati m uscle winch is 
supplied byaliranch from the mandibulaj; 

1 nerve through the otic ganglion (because it 
is derived from the mandibular arch, the 
1 nerve of which is the mandibular nerve), r* 

■ The glands and blood vessels bi' the 
soft palate receive visceral efferent (chiefly 
t secretory) fibres ( postgan glionic) from the 
r sphenopalatine gahglioirthrotign the smalL 
palatine nerves. The preganglionic HEres 
are'"d£flved'1>om the s uperior salivar y 
n ucleus and join with the pars intermedia 
oTtife faciili nerve (sensory root) and pass 
’ through the greater superfidal petrosal 
nerve to the sphenopalatine ganglion 
— (Morris). 

Sensory supply. The greater palatine’-'" 
and the glossopharyngeal nerves are the** 
nerves of general sensibility for the soft 
palate. The visceral afferent fibres from 
the soft palate pass through die lesser or 
small palatine nerve. These fibres form 
the peripheral processes of the cells of the 
j geniculate ganglion. 

} Levator veli palati. Levator palati. 
r It is a rounded muscle which arises from 


Tig. 685. The sensory supply of the hard 
and the soft palate. 

With land permission from Prof. 
W. H. llollinshead. Anatomy for the Sur- 
geons: Vol. I, Paul B. Hoeber I.N.C. 

the inferior surface of the petrous portion of the temporal bone in front of the 
4 external opening of the carotid canal and from the medial lamina of the cartilaginous 
? part of the auditory (pharyngo-tympanic) tube. After its origin it passes through 
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Surgeons : VoL I, Paul B. Hoeber I.N.C. 
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Fig. 688. Diagram of the 
apoueurotlcorausoilar structure 
of the soft palate, in longitudi- 
nal section. With hind permi- 
ssion from Prof. Hohinjhead, 
Anatomy for the Surgeons, 
VoL I, Paul B. Hoeber, INC. 


Actions. It elevates the soft palate. 

Tensor veil palati (tensor palati). It is triangular in form and 
arises from the scaphoid fossa of the pterygoid process, from the lamina of the 
cartilaginous portion of the auditory (pharyngo-tympanic) tube and from the medial 
aspect of the sphenoidal spine. It forms a narrow 
tendon which hooks round the pterygoid hamulus 
and by passing above the upper border of the su- 
perior constrictor muscle of the pharynx it reaches 
the soft palate where it is inserted into the palatal 
aponeurosis and into the inferior surface of the 
horizontal plate of the palatine bone behind the 
palatine crest. 

It lies against the lateral surface of the medial 
pterygoid plate and its lateral aspect is intimately 
related to the mandibular nerve, otic ganglion and 
the middle meningeal artery. 

Actions. Acting alone it draws the soft palate 
to the same side. Acting together it depresses the 
soft palate. 

Palatoglossus. It arises from the upper sur- 
face of the palatal aponeurosis and is continuous 
with the fellow of its opposite side in the median 
plane and descending downwards and laterally it 
blends with the sides of the tongue being contained 
within the palatoglossal arch. 

Actions. It depresses the sides of the soft 
palate and draws the tongue postero-superioriy. 

Acting with the tongue it closes the oropharyngeal 
isthmus. 



A=Pu!I by tensor palati. 

B =Pull by levator palati. 
Tig. 689. The actions of levator 
and tensor palati muscles. With 
kind permission from Prof. 
Hollinsnead, Ph. D-; Anatomy 
tor the Surgeons, Vof. f, Paul 
B. Hoeber, INC. 


Palatopharyngeus It is contained within the palatopharyngeal arch and 
consists of anterior and posterior layers of muscle fibres, and the cartilaginous portion 
of the auditory (pharynto-tympanic) tube intervenes between the two layers. The 
anterior layer arises from die posterior border of the hard palate and 
the posterior layer arises from the palatal aponeurosis opposite the posterior border 
of the soft palate and opposite the median palne it becomes continuous with the fellow 
of its opposite side. At the posterolateral border of the soft palate the two layers 
unite, and descending downwards and laterally, some of its fibres are inserted into the 
posterior border of the thyroid cartilage, some blending with the wall of the pharynx 
and the rest blend with the fellow its opposite side. 

Actions. Acting singly it elevates the pharynx on the same side and acting 
together they approximate the palatopharyngeal arches. 


, Musculus uvulae. It arises from the posterior nasal spine of the palatine 
‘ bone and from the palatal aponeurosis and is inserted into the submucous tissue of 
1 the uvulae. 

' Actions. It elevates and shortens the uvula. 
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SALIVARY GLANDS 

The viscous, colourless, opalescent, liquid discharge of the mouth cavity a 
knoun as the Saliva. The saliva consists of water, mucin, some protein, the enzyme 
ptyalin, mineral salts and some disquamated epithelial cells and the salivary cor- 
puscles. 

Mucous cells secrete mucin, the serous or albuminous cells secrete albuminous 
watery fluid which lacks in mucin but rich in salt, proteins and ptyalin. The mixed 
type of glands have both types of secretion. It is a collective discharge from variant 
secretary' glands located both within and outside the mouth cavity and these glands 
which produce the saliva arc known as the salivary glands. There arc numerous 
salivary glands of which some are small and arc confined to the mucous and submu- 
cous coats of the mouth cavity while others arc large glands which arc located outside 
the mouth cavity and convey their secretions through their ducts. The smaller 
glands of the mouth cavity are seemed to secrete continuously to keep the oral mucous 
membrane moist. There are three pairs oflargcr glands namely parotid, sub-ntandtbtiha 
and sublingual, which constitute the salivary glands proper. In contrast to the 
smaller salivary glands of the mouth cavity', which pour out their secretions con- 
tinuously, the larger salivary glands pour out their secretion in response to mechani- 
cal, thermal, chemical, and pychic or gustatory stimuli only. Structurally the sali- 
vary glands consists of either serous, mucous or mixed types of cells. Thus the 
salivary glands may be classified as under : 


Salivary glands 


According to cell types 


Mucous M"** 


t tLe c< 


In the vestibule of Iloor of the mouth Over the tongue 
the mouth cavity 

(i) Sub-mandibular (i) Anterior lingual gland » 


(0 Parotid gland. 
(«) Buccal glands, 
(m) Labial glands. 


gland. 

(t’i) Sublingual 

(iff) Some submu- 
cous and mu- 
cous glands. 


gland ofNuhh or Blandiun- 
der over the apex of the 


Over the palate 


(!) Glands of 0* 
palate. 


plane- 

(11) Posterior lingual glands: 

(a) some serous gland* 

(glands of Von Lbner) 
which open in the gutter 
around the vallate 

papillae. 

(£) some mucous glands 
which open near the root 
of the tongue. 


Parotid gland. The parotid gland is the largest of the salivary glands and 
forms an irregular lobulated mass which lies below the external auditory meatus ana 
fills up a hollowed out space, the parotid mould, between the ramus of the mandible 
in front and the mastoid process of the temporal bone and the sternocleidomastoid 
muscle behind. 

Structures forming the parotid mould. Anteriorly , it is for med by the posterior pa rt of 
the ramus of the mandible and the muscles inserted to it, thituTth e mediaGpfwS?" 
and the masseter. Posteriorly, it is formed by the anterior border of the sternocleido* 
mastoid and the mastoid process. Superiorly, the anterior and the posterior wall* 
converge being separated by a deft that intervenes between the capsular ligament 
% Jront and the bony external auditory meatus behind. Inferiorly, the mould is limited 
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Natural constrictions. It is narrowest at its commencement opposite the level of 
the lower bolder of the sixth cervical vertabra, It is also constricted opposite the 
'level of the lower border of the fourth thoracic vertebra where it is crossed by the arch 
!of the aorta; it may also be constricted opposite the level of the fifth thoracic vertebra 
where it is crossed by the left bronchus. It also presents another constriction opposite 
level of the lower border of the tenth thoracic vertebra where it passes through the 
oesophageal opening in the diaphragm. 

; For descriptive purposes and according to the situation, the oesophagus lias been 
divided into cervical, thoracic and abdominal parts. 

Relations — 1 Cervical part. 

Anteriorly: 

(1) Trachea throughout its course in the neck. 

(2) Lobes of the thyroid gland at the lower part of the neck. 

(3) The recurrent laryngeal nerves, one on each side, ascend in the groove 
between the trachea and oesophagus. 

Posteriorly: 

(1) Vertebral column and longus cervicis muscle from which it ’is separated 
by the prevertebral layer of the deep cervical fascia. 


(.EfT RECURRENT LARTNCEAL NERVE 


X 



Laterally: 

(1) Common carotid artery. 

(2) Lateral lobe of the thyroid gland. 

Relations— 'Thoracic part. 

Anteriorly : From above to downwards. 

(1) Trachea throughout the upper part of the superior mediastinum only 
and in the lower part of the superior mediastinum, it separates the oeso- 
phagus from the arch of the aorta. 

(2) .Left bronchus. 
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(3) Pericardium containing the heart. 

(4) Diaphragm. 

(5) The left vagus lies in intimate contact with the oesophagus below the root 
of the lung. 



Fig C93. The relations of theoesophagua opposite the level of the upper border of the fifth tboraoC 
©riebra as seen in a transverse section. 


Posteriorly: , 

(!) Vertebral column throughout the entire extent. 

(2) Longus ccrvicis muscle (in the superior mediastinum only). _ , 

(3) Right posterior or aortic intercostal arteries (in the posterior mediastinum 
only). 

(4) Thoracic duct (throughout the entire extent of the posterior me® 33 * 
tinum). 

(5) Axygos and hemiazygos veins (in the posterior mediastinum only). 



(6) Terminal portion of the descending thoracic aorta (only for a 

portion immediately above the diaphragm). . 

(7) Right vagus nerve (lies in contact with the oesophagus below the root ot 
the lung). 
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by the posterior belly of the digastric. The deep part or the bottom of the mould Is formed 
by the styloid process with the styloid group of muscles which separate it from the 
3 Internal carotid artery, internal jugular vein and the last four cranial nerves. 

Capsules. Each gland possesses a true and a fake capsule. The true capsule is 
formed by the condensed mass of fibroarcolar tissue whereas the false capsule is 
derived from the deep cervical fascia. 

Parts for examination. The gland is roughly pyramidal in shape and has got a 
superior, a superficial, a posteromedial and an anteomedial surface and a blunt lower 
extremity. The gland gives out two and sometimes three processes (a) retromandibular 
brooess projecting into the inner aspect of the ramus of the mandible, (b) the facial 
trrocess projecting on to the face over the masse ter muscle and (c) the accessory portion 
lying between the parotid gland and the zygomatic arch. 

Superior surface. This represents the upper pole of the gland and is in relation 
with the external auditory meatus and the posterior part of the mandibular joint and 
the auriculotemporal nerve which comes out from the substance of the gland in this 
situation and winds round the neck of the mandible. 

Antero-medial surface. This surface overlaps the posterior part of the masseter 
muscle and the ramus of the mandible and projects inwards to come into relation with 
the medial ptergoid muscle. The facial branches of the facial nerve emerges on to 
9 the face from the anterior part of this surface. 

Postcro-medial surface. It is moulded on the mastoid process, the stemomastoid , 
the posterior belly of the digastric and the styloid group of muscles (stylohyoid, stylo- 
glossus and stylopharyngeus muscle). The external carotid artery grooves this 
surface before entering into the substance of the gland. The internal carotid artery 
and the internal jugular vein and the last four cranial nerves are separated from this 
.^surface by the styloid process and the styloid group of muscles. 

The blunt lower extremity is in contact with the stylo-mandibular ligament and 
, f the posterior belly of the digastric muscle. 

j, , x 

, Structures'within the parotid gland:, 

(1) Superficial plane: 

fa) Lymphatic glands. (c) Facial nerve and its branches. 

\b) Great auricular nerve. 

(2) Intermediate plane .* 

(a) Retromandibular (posterior facial) vein. 

b) (Internal) Maxillary van. (c) Posterior auricular van, 

(d) Commencement of the external jugular vein. 

(3) Deep plane: 

(a) External carotid artery. (d) Superficial temporal artery. 

(b) Transverse facial artery. (e) Internal maxillary artery. 

(e) Posterior auricular artery. 

Structures that radiate from the peripheral margins of the parotid gland. Superiorly 
the superficial temporal artery crosses the posterior root of the zygoma to reach the 
scalp. The auriculo-temporal nerve lies behind it and_the_iemporal branch of the 
fascial nerve lies in front of it and cross the zygoma' ic arch. Anteriorly the zygoma- 
tic and the upper buccal branches of the facial nerve, the^ transverse facial branch _of 
, thVsuperficial temporal artery cross the masseter muscle and lie above the parotid 
duct. The low*r buccal and the mandibular branches of. the facial "nerve cross the" 
masseter muscle' below the parotid 'duct. The cervical branch of the facial nerve 
. enters the neck below and behind the angle of the mandible. The posterior auricular 
artery and the posterior auricular branch of theTacial nerve run upwards and 
,l backwards from its posterior part and cross the mastoid process of the temporal 
r* 5 bone. 
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Vascular supply. The arteries supplying the gland arc derived from the externa! 
carotid artery and from the branches given out by that artery in the substance of the 
gland (Superficial temporal and Maxillary). Veins drain into the external juguk- 
vein. 

Nerve supply. It is supplied by the glossopharyngeal nerve (via the tympana 
branch of the glossopharyngeal nerve, tympanic plexus, lesser superficial petrosal 
otic ganglion and the auriculo-temporal nerves), and by the sympathetic plexus 



nerves accompanying the external carotid artery. The glossopharyngeal ner 
the 1,” ^ UTelomolOT ** brcs while the sympathetica supply the vaso-constrictor fibres 

Lymphatics. Three sets of lymph nodes are associated with the parotid gland- 
ihe lymph nodes superficial and deep to the parotid fascia drain the scalp, auricle 
and the eye lid and their efierents end in the upper deep cervical lymph node 
Lymph nodes within the parotid gland drain the external auditory meatus, tym- 
panum, sort palate and the deep part of.the cheek in addition to the parotid giant 
and their efierents terminate in the deep cervical lymph nodes. 

Development. The parotid gland develops as a diverticulum of the bucci 
ectoderm which runs dorso-laterally superficial to the branches or the fadal nerve 
subsequently the expanded dorsal portion of the diverticulum gives out deep pro 
ccssta which pass inwards between the branches of the facial nerve and bccouv 
tool together and thus the facial nerve becomes entangled within its substance 
Ihus developmentally the parotid gland may be subdivided into superficial art 
deep portions m between which the facial nerve intervenes. The narrower tubuki 
portion ol the buccal ectoderm forms the parotid duct. 

..U,l ar0tid ^ act ; 11 V 5 cxcrct ory duct of the parotid gland and carries tb< 
lw nf.™ J 50 »! 0ns r ^ 0m e the g , and to U,e mouth - It h about 5 cm.-long and begim 
bran chc! i from theanterior part of the gland. It is sometimes joined 4 
St 3 7 parot,d duct when that gland exist. From its origin it passes transyef 
the xnassetcr muscle and reaching the anterior border oftMj 
— gl V hc su , ck,orial P ad ° r fat. the buccinator muscle with 
m nf J mn l for a shop distance between the muscle and the mucof 
oo^SS .L mouth , and , fina % ends by opening into the summit of a pap^ 1 

“PP er second molar tooth in the vestibule of the mouth. It is related 
™ t a ° dlc P° rt ‘On of the gland, the uppe'r buccal brand, of the hed 
,h ‘ '“ PCT ““ , ' mpOTal arlCTy - Wo 

elanrf, D ^- an ? ba . Ia i r B,and * ^ sub-mandibular gland is one of the sallvarj 
g nds and is about the size of a walnut. It is enveloped by a sheath from the dec? 
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cervical fascia and occupies the anterior part of the digastric triangle and is limited 
behind by the stylo-mandibular ligament, anteriorly by the anterior belly of the digas* 
trie, below byjhe intermediate .tendonof the digastric and the stylohyoid muscle and 
above by tfie ramus of the mandible. 

Each gland consists of a superficial and a deep portion and the two parts are 
continuous with each other at the posterior border of the mylohyoid muscle. 

Th Superficial' part of i he gland possesses an inferior, a lateral and a medial surface . 
The inferior surface is 'covered by shin, superficial fascia, platysma and the deep fascia. 
The (anterior) facial vein and the cervical branch from the facia! nerve cross this 
surface. The lateral surface is in relation with the myloh yoid, h yoglossus^styloglossua. 
styloh yoid an d the posterior" belly of the digastric muscles. The_ mylohyoid, vessels 
and nerve p^s~forivafdiI Eeriveen the’g lantl and the mylohyoid muscle. The facial 
(external maxillary) artery_gro ovesThe p osterio r an d sup erio r part of thegl and. 

The deep part of the gland lies in between the hyoglossus and styloglossus medially 
and the mylohyoid laterally^ It^exfeH3s_fonvards as far as the sublingual gland, 
rfis in relation with tfie IinguaLnerye.and_the snb-mandibular galglionabove and 
the hypoglossal nerve and its venae commitantes below. 

Artery supply. The arteries supplying the sub-mandibular gland are derived from 
the lingual and facial branches of the external carotid artery. 

j Verve supply. It is supplied by branches from the sub-mandibular ganglion 
through which it receives fibres from the chorda tympani (secreto-motor fibre) and 
lingual, it is also supplied by sympathetic nerves. 

Sub-mandibular duct. The sub-mandibular duct is as long as the parotid duct 
(5 cm.) but its walls are thinner. It is formed by the union of several smaller ducts 
and emerges from the middle of the dcep_.surlace.of the su perfiria tpart of the gland. 
It runs forwards beneath the deep part of the glandTSeWeenThe mylo\iyotd_andjhc 
hyo glossus, musc les. Then it runs furtlier_fonvards_bet\veen. the .medial, surface 
ophe sublingual gla nd an d the gcnioglossus muscle and finally it ends by opening 
into the summirbf the sublingual papilla* situated at the floor of the mouth on the 
side“of die frenulum of the tongue. 

In its course over the hyoglossus muscle it lies below the lingual nerve and 
above the hypoglossal nerve; at the anterior border of the hyoglossus muscle opposite 
the level of the second molar tooth the lingual nerve crosses the duct superficially 
from above downwards; more anteriorly while the sub-mandibular duct fics under 
cover of the sublingual gland, the Ungual nerve crosses deep to it from below up- 
wards. Thus the lingual nerve crosses the sub-mandibular duct twice in its course 
ftj rile rijrrgoe. 

Sublingual salivary gland. The sublingual gland lies in the sublingual fossa 
of the mandible on either side of the symphysis menti and lies in the floor of the mouth 
under cover of the mucous membrane on each side of the frenulum linguae. It 
is the smallest of the three salivary glands and is about 1 dr. in weight. ■'v 

Relations. Anteriorly it meets the fellow of its opposite side in the median plane. 
Posteriorly it is related to the deep part of the sub-mandibular gland. Laterally it is 
related to the sublingual fossa of the mandible. Medially it is related to the genjo- 
glossus muscle and intervening between the two are the lingual nerve and sub- 
mandibular duct. 

Ducts of the sublingual gland. The ducts of the sublingual gland are numerous 
and vary between right and twenty in number. Some of the smaller sublingual 
ducts open into the sublingual fold in the floor of the mouth on either side of the 
frenulum linguae. Some open into the sub-mandibular duct and others unite to 
from the principal sublingual duct which opens in the floor of the sub-mandibular duct. 

r«Ki//ar supply. It is supplied by sublingual and the submental arteries. 

jttn* supply. It is supplied by the lingual (sensory) and the chorda tympani 
nerves (secretomotor) and sympathetic fibres through sub-mandibular ganglion. 
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clznj Tjt '/ and sublingual glands. The tub-mandibub 

“’"''dou, growth, of the buccal epithelium from the alveo-liajiu! 
Sarlv I 1 " f, n h ° r ' rnbr Y M ' ic life. The sublingual gland appeal 

similarly a, several smaller outgrowths at about die ninth week of intrluterine lit. 

Structure of Salivary gla- 
nds. The larger salivary glam 
are subdivided into several lobules 
by areolar tissue and from each 
lobule a duct emerges. The ejo-' 
thelium of the duct is columnar « 
type. In the parotid gland the I 
alveolar cells are mostjyjerous.J: 
the sublingual and suB-mandibulat 
glands the alveolar cells are cJj 
mixed types, that is, they conUiD 
both serous and mucous cells. Tu 
alveolar cells of the sublingual 
gland are mostly mucous. In both 
the sublingual andsub-mandibultfj 
glands some of the alveoli artj 
lined superficially by larger clear i 
mucous cells whereas the smalra , 

with the , , granular serous cells are in contact 

eresentic masses dccp to thc nuicous cells and are arranged a 

cresentic Wh,d, arc known a, crescents or demilune of Gianuzai. 

THE PHARYNX 

of !hl^tuh h ?? the 'lower 'r ^ alimentary tract which calends from the ta* 

oesophagus. It is of cn 3°l. d c ? rtlla S e where it is continuous with d> c 

antero-jwterior diameter! * has i,s ,ransv «s= diameter greater than <«: 

i« <° the level or the hyoid bone .»l 

of itf pl^n™ c !,bajd 3 r^! r phatTn i*‘ P 1C P ,iar y nx gains its attachments by meant 
pnaryngobnsilar fascia or the pharyngeal aponeurosis and by its muscles. 
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Cranially it is attached to the pharyngeal tubercle and the adjoining area on the 
basilar part of the occipital bone, petrous part of the temporal bone and to the auditory 
tube. Vent rally it is attached to the posterior margins of the medial pterygoid plate 
of the pterygoid process of the sphenoid bone and the pterygomandibular ligament, 
to the posterior end of the mylohyoid line of the mandible, sides or the tongue, hyoid 
bone and to the thyroid and cricoid cartilages. 

Relations. It is bounded posteriorly by the buccopharyngeal fascia which 
separates it from the prevertebral layer of the deep cervical fascia, prevertebra! 
muscles (Iongus cervicis and longus capitis muscles) and the anterior surface of 
the upper six cervical vertebrae. Anteriorly it is bounded by the nasal cavity, mouth 
and the larynx in order from above downwards. It communicates with these 
cavities by the chaonae, oropharyngeal isthmus, and the glottidis respectively. The 
roof is formed by the basilar part of the occipital and the body of the sphenoid bone. 
laterally its upper part is related with the origin of the medial pterygoid muscle, 
the styloid process with its muscles (stylohyoid, styloglossus and stylopharyngeus), 
and the glossopharyngeal and hypoglossal nerves and the ascending pharyngeal 
artery and the ascending palatine and the tonsillar branches of the facial artery. 
Its lower part, that is, the laryngo-pharynx, is related laterally with the carotid sheath, 
upper part of the lateral lobe of the thyroid gland, superior thyroid artery and the 
inter *aJ laryngeal nerve. 

The pharynx is divided into three compartments and they are as follows; 

(1) Nasal part of the pharynx or naso-pharynx. The nasal part of the 
pharynx begins from the level of the base of the skull to the level of the soft palate 
and functionally belongs to the respiratory system along with the nasal cavities. 

The nasopharynx consists of a roof, a floor, anterior, posterior and two lateral 
walls. 

The roof is continuous posteriorly with the posterior wall forming a continuous 
arched wall. Superiorly it is attached to the basioccipital and the basisphenoid 
bones and extends from the pharyngeal tubercle (on the former bone) behind to the 
base of the nasal septum in front. Laterally it extends as far as the carotid canal 
in the petrous part or the temporal bone. 

The mucous membrane of the roof together with the adjoining posterior wall 
are thrown into irregular folds which are studded with much lymphoid tissue, 
particularly in the children. This area (roof) of the nosopharynx characterised 
by the presence of much lymphoid tissue is known as the pharyngeal tonsil (Adenoids). 

The floor of the nasopharynx is formed^ by the pharyngeal surface of the soft 
palate which falls short to reach the posterior wall of the naso-pharynx. Thus a 
space is left between the soft palate and the posterior pharyngeal wall which consti- 
tutes the naso-pharyngeal or the pharyngeal isthmus. It is bounded anteriorly by the 
uvula and the soft palate and laterally by the palatopharyngeal arches. Posteriorly 
it is bounded by that portion of the posterior pharyngeal wall where the palato- 
pharyngeal arches from the sides gradually slope backwards and downwards to 
become almost continuous with each other so as to produce a fold of mucous mem- 
brane (the fold of Passavant), particularly during phonation and deglutition. 

The anterior wall is open and is occupied by the two posterior nasal apertures. 

The posterior wall is continuous with the roof and extends from middle of 
basioccipital bone to the lower border of the anterior arch of the atlas. At the junc- 
tion of the posterior wall and the roof there may, occasionally, be found a blind 
median sac or recess known as the pharyngeal bursa. The paryngeal bursa represents 
the line of fusion between the ti p of the n otochord and entoderm of the fore gut. „ 

The lateral wall entends from the base of the skull to the level of the soft 
palate. It’s cavity remains unchanged under all conditions and forms the 
widest part of the pharynx opposite the base of the skull. Each lateral wall presents 
a wide, slit-like lateral extension at its cranial end known as the pharyngeal recess 
(fossa of Rosenmuller). Antero-infcrior to the pharyngeal recess is the opening 
of the auditory tube. Posteriorly this opening is bounded by a triangular elevation. 
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The dorsal view of the pharynx with the great vessels and with a part of 
the oesophagus and trachea. 
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the buccopharyngeal fascia on each side of the median plane, is called the relropkaryn- 
geal space which contains the retropharyngeal lymph nodes. 

Muscular wall of the pharynx. The muscular wall of the pharynx consists of 
pharyngeal muscles enumerated as below: 

(1) Constrictor pharyngis inferior. 

(2) Constrictor pharyngis medius. 

(3) Constrictor pharyngis superior. 

(4) Stylopharyngeus — Iras been described with the “muscles attached to the 
styloid process”. 

(5) Salpingopharyngeus. 

(6) Falatopharyngcus — has been described along with the soft palate. 

Constrictor pharyngis inferior. It is the thickest and the lowest of the 
constrictor muscles that come in the construction or the pharyngeal wall and is divi- 
sible into two parts, thyropharyngeus and ericopfuuyngeus. 

The thyropharyngeus of the constrictor pharyngis inferior arises by muscular fibres 
from the oblique line and the adjoining surface of the lamina of the thyroid cartilage 
and from the inferior thyroid tubercle, and by tendinous fibres from the lateral aspect 
of the cricothyroid muscle between the above two muscular origins. The muscle 
fibres are oblique in direction and run upwards and backwards and are inserted into 
the posterior median fibrous raphe where they meet the fellow of their opposite side. 
Functionally it is thi ** propulsive fart" of the muscle. 

The cricopharyngcus part of the inferior constrictor muscle of the pharynx arises 
from the lateral side of the cricoid cartilage in the interval between the origin of the 
cricothyroid in front and the inferior horn of the thyroid cartilage behind. The 
fibres arc horizontal in direction and they do not meet in the posterior median raphe 
and instead they arc continuous with the fibres of the opposite side and form the 
musculature at the opening into the oesophagus. Functionally the cricopharyngcus 
of the inferior constrictor muscle of the pharynx forms the sphincleric part of the 
inferior constrictor muscle of the pharynx. 

Pharyngeal diverticulum. It is a pouch-like evagination of the mucous 
membrane through the walk of the lower part of the pharynx close to its junction 
with the oesophagus. It is also known as oesophageal diverticulum, hypopharyngeal 
diverticulum or pharyngo-oesophageal diverticulum. It is of the nature of a pulsion 
diverticulum (yields due to pressure) that makes its way out through a congenitally 
weak muscular wall. However, causes other than congenital weakness have also 
been suggested. 

Site. Although opinion varies the usual site of the diverticulum is the Cameras 
triangular area. It is bounded on either side by the diverging longitudinal fibres at 
the upper end of the oesophagus, and above by the lower border of the cricopharyn- 
geus muscle. In this part the muscular wall of the oesophagus is formed only by the 
circular fibres because the posterior longitudinal fibres here instead of forming a 
continuous covering diverge from the median plane so as to enclose a triangular area 
known as the Laimer’s triangle. 

The pharyngeal diverticulum is associated with dysphagia (difficulty in degluti- 
tion) with regurgitation of food and occasionally with gurgling sounds. 

Operative removal is the usual treatment. 

Salpingopharyngeus, It is a small muscle that takes it’s origin from the 
inferior aspect of the cartilaginous part of the auditory (pharyngo-tympanic) tube 
and is inserted into the wall of the pharynx. 

Constrictor pharyngis medius. It arises from the lesser horn and the whole 
length of the greater horn of the byoid bone and from the stylohyoid ligament. Its 
lower fibres descend downwards deep to the inferior constrictor pharyngis, it 
middle fibres pass transversely and its upper fibres ascend and overlap the superior 
constrictor muscle. It is inserted into the posterior median fibrous raphe. 
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Constrictor pharyngis superior. It arises from the pterygoid hamulus art! 
the posterior margin of the medial pterygoid lamina, from the pterygomandibular 
ligament, from the posterior part of the mylohyoid line of the mandible and fromife 
side of the tongue. 



nedlu “ ed j? I1 >' ? nd “P ward »" d ™ inserted into theposie* 
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Vascular supply. The arteries arc the ascending pharyngeal branch of the 
external carotid, ascending palatine and tonsillar branches of the facial and the grea- 
ter palatine and pharyngeal brandies of the maxillary artery. 

The veins drain into the pharyngeal plexus which communicates above with the 
pterygoid venous plexus and opens below into the internal jugular vein. 

Motor rents. All the muscles of the pharynx arc supplied by the crania! accessory 
nerve through the vagus nerve except the stylopharyngeus w hich is supplied by the 
glossopharyngeal nerve. The lower portion of the interior constrictor muscle is 
supplied by the external laryngeal branch of superior laryngeal nerve (vagus). 
The transverse fibres of the cricopharyngeus is supplied by the recurrent laryngeal 
branch of the vagus. 

Sensory nenes. The glossopharyngeal nerve (through pharyngeal and tonsillar 
branches) supplies sensory fibres to the mucous membrane of the whole of the phar- 
ynx except the superior portion of the naso-pharynx which is supplied by the pharyn- 
geal branch of the sphenopalatine ganglion, the fibres being derived from the tri- 
geminal nerve. 

Lymphatics. The lymphatics draining the upper part of the pharynx end into 
the deep facial lymph nodes situated along its lateral wall. The lymphatics draining 
the lower part end into the upper deep cervical lymph nodes. Some lymph vessels 
from the upper part of the pharynx pass to the retropharyngeal lymph nodes. 

Pharjrtgo-basilar fascia or the pharyngeal aponeurosis. It is a thin layer of fascia 
that intervenes between the mucous membrane and the muscular wall of the pharynx. 
Inferiorly it is very thin and delicate but superiorly it is thick and dense and is 
attached to the basilar part of the occipital bone, apex of the petrous part of the 
temporal bone, adjoining part of the auditory (pharyngo-tympanic) tube and to the 
posterior border of the medial pterygoid lamina of the pterygoid process of the 
sphenoid. The portion attached to the pharyngeal tubercle of the basilar part of 
the occipital bone is specially thickened to form the fibrous raphe of the pharynx. 

Palatine tonsils. The palatine tonsils are the two aggregated masses of 
lymphoid tissue situated one on each side of the oral part of the pharynx. 

Each tonsil is placed on the lateral wall of the oral part of the pharynx in a 
pockct-like recess, the tonsillar fossa (sinus tonsillaris) which is bounded in front by the 
palatoglossal arch and behind by the palatopharyngeal arch. Its position corres- 
ponds on the surface of the body to a point half an inch above and anterior to the 
angle of the mandible. 

Each tonsil is covered by a layer of fibrous tissue on its deep or lateral surface 
and is known as the capsule of the tonsil. Its medial surface is devoid of any capsule. 

The organ is shaped like that of an almond and has two surfaces — lateral and 
medial; two borders — anterior and posterior; two poles — superior and inferior. 

Medial surface. This surface looks inwards towards the cavity of the mouth and 
on it there arc 12-20 openings which are leading into small recesses known as the 
tonsillar pits. 

Lateral surface. The lateral surface of the tonsil is covered by a fibrous capsule 
(the capsule of the tonsil) which separates it from its muscular bed formed by the 
superior constrictor pharyngis, palatopharyngeus, stylopharyngeus and the stylo- 
glossus. The capsule of the tonsil is connected to its muscular bed by a layer of loose 
cellular tissue except postero-inferiorly where the palatopharyngeus muscle gains 
insertion into it. 

The lateral surface of the tonsil has some important vascular relations. The facial 
artery and its tonsillar and ascending palatine branches are separated from it by its 
muscular bed. A long vein (the paratonsillar vein) descends from the soft palate 
and intervenes between the capsule and the muscular bed of the sinus tonsillaris and 
it soon pierces the muscular wall to end into the pharyngeal venous plexus. The 
internal carotid artery lies about one inch postero-lateral to the tonsil and is separated 
from the pharyngeal wall by loose areolar tissue and fat. 
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lining the recess. The entodermal proliferation is later on invaded by the mesoderm 
and the combined entodermal and mesodermal cell -mass forms theprimordiumof the 
tonsil. During the fifth month of intrauterine life the connective tissue of the pri- 
mordial tonsil shows lymphatic aggregations which develop either in situ or they are 
derived from the blood stream and thus the fully formed tonsil is developed. 



Fig. 695. The transverse section of the oral part of the pharynx . Note the position of the tonsils. 
With kind permission from Prof. W. H. Hollinshead : Anatomy for the Surgeons, Vo!. I, 

Paul B. Hoeber INC. 


Auditory (Pharyngo-tympanic) tube. It is an oesofibrocartilaginous tube 
connecting the tympanic cavity with the nasal part of the pharynx. It is about one 
and a half an inch in length and is directed downwards, forwards and medially. 
It consists of a bony part which measures about half an inch and a cartilaginous part 
i measuring about one inch. 

The bony part begins from the anterior wall of the tympanic cavity and ends 
in the cartilaginous part at the junction of the petrous and squamous parts of the 
temporal bone. 

The cartilaginous part consists of a triangular plate of cartilage which is bent 
on itselfin its longitudinal axis and is bent into a lateral and a medial lamina; 
the two laminae do not meet to each other and thus a gap exists on the lateral side 
which is bridged over by a layer of fascial lamina connecting the two free margins 
of the cartilaginous laminae. The apex of the triangular cartilage is attached to the 
jagged margin of the bony part of the tube. The base of the cartilage forms an eleva- 
tion at the nasal part of the pharynx and the mucous membrane covering it is known 
as the tubal elevation. The cartilaginous portion rests in a shallow groove — the 
sulcus tubae on the base of the skull which is formed by the articulation between the 
petrous part of the temporal hone and the posterior border of the greater wing of the 
sphenoid bone. Its opening into the lateral wall of the nasopharynx is bounded by 
the tubal elevation. The tube is constricted at the junction of the cartilaginous ana 
bony parts aDd is known as the isthmus. 

Relations. Antero-laterally the cartilaginous portion of the tube is in relation with 
the tensor palati muscle which separates it from the otic ganglion, the mandibular 
nerve and its branches, the chorda tympani nerve and the middle meningeal artery. 
Postero-medialb the tube is related to the petrous part of the temporal bone and to the 
levator palati muscle. In other words, the tube is sandwitchcd between the tensor 
palati muscle on the lateral side and the levator palati muscle on the medial side. 
The portion of the tensor palati muscle arising from the cartilaginous part of the tube 
constitutes the dilator tubae. 

Nerve supply. It is supplied by the tympanic branch of the glossopharyngeal 
and the pharyngeal branch from the sphenopalatine ganglion. 

Vascular supply. The arteries supplying the tube are derived from the ascending 
pharyngeal, middle meningeal and the pterygoid arteries. Its veins open into the 
pterygoid venous plexus. 

K.B. Through the pb aryngo- tympanic tube air is communicated to the tympanic cavity from the 
nasal part of the pharynx. Tympanic cavity having thus communicated to the nasal part of the pharynx. 
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intervenes between the dorsal ends of the 
Jirst and the lltird arch cartilages. The 
tubo-tympanic recess elongates as a divert;, 
culum and invades the ectoderm of the first 
pouch and from its proximal narrower 
portion,^ later on, the auditory (pharvngo 
tympanic) tube develops and from la 
distal dilated end the middle ear develop. 
Another diverticulum from the middle ear 
lorms the cpitympanic rcsess and the mart- 
ojd antrum and from the latter, the mast* 
oid air cells. 


THE OESOPHAGUS 

The oesophagus or the gullet is a mus- 
cular tube meant for transporting food 
lrom the mouth and pharynx to the 
stomach. 

. Measurement. It measures about 9-10 
inches in length. 

Commencement, general course end temme- 
non. It begins at the level of the lower 
border of the cricoid cartilage, opposite the 
sixth cervical vertebra, as a direct con- 
tinuation of the pharynx and descending 
vertically downwards through the neck, 

1 r ^ u P^ r * or and posterior mediastinums 
ol the thorax, it pierces the diaphragm 
opposite the level of the tenth thoracic 
yertabra and enters the abdomen, where 
it ends at the cardiac end of the stomach 
opposite the level of the eleventh thoracic 
vertebra. 

Curvatures. Though the general direc* 
tion ofthe oesophagus is vertical, yet when 
carefully observed it presents two lateral ( 
? nd *'y° antero-posterior curvatures. At i 
*** beginning in the neck it is placed at 
the middle line of the body and then 
gradually passes to the left side and opposite 
tnc level of the fifth thoracic vertebra it 
ajram approaches to the middle line from 
where it descends downwards having 8® 
inclination again to the left and imrordi- 
duphrapn it again annroieh« • , » ,c ,v above the oesophageal opening in the 

thcrao'c aorta before « di’ranne-i « lc Itn f and P“es in front of die descending 

iaphragm. TJfc nntero- 

.>»m » >I« ccniil »„°d ihor.de cum- 
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On the left side (in the superior mediastinum) : 

(1) Terminal part of the arch of the aorta. 

(2) Left subclavian artery. \ 

(3} Left pleura. 

(4) Left recurrent laryngeal nerve which ascends upwards in the groove - 
between the trachea and oesophagus. 

(5) Thoracic duct. 

(In the posterior mediastinum) 

(6) Descending thoracic aorta. 

(7) Left pleura. 

On the right side: 

(1) Right pleura. 

(2) Azygos vein. 

Abdominal tart. It Ls the smallest sub-division of the oesophagus and measures 
bout half an inch in length. It is lodged in the oesophageal groove of the liver, 
t is covered By peritoneum both in front and at the sides. 

JV.fi, The thoracic duct bean an important relation with the oesophaguv In the posterior 
.ediastinum it lies behind and to the right of the oesophagus, then higher up it lies behind .and opposite 
ic level or the fourth thoracic vertebra, it crosses posterior to the oesophagus and then reaches its 
ft side. The oesophagus presents three constrictions — one at its beginning, one behind the left bron- 
iuj and third opposite the oesophageal opening of the diaphragm. (F or com rnien ce the oesophagus 
u been described as a whole and the students dealing with the head and neck arc concerned only with 
i cervical part). 

Artery supply. Arteries supplying the oesophagus arc four in number and they 
ire as follows. 

(1) Oesophageal brand) of the inferior thyroid-upper part. 

(2) Oesophageal branches of the descending thoracic aorta and the bronchia] 
arteries. 

(3) Oesophageal brand) of the left gastric. 

(4) Oesophageal branch of the left inferior phrenic artery — abdominal part. 

Venous drainage. The veins draining the oesophagus arrange in a plexjform 
tetwork in the submucosa from which branches pass through the musculature to 
oin another venous plexus on its external aspect. The upper part of the external 
•enous plexus is drained by the inferior thyroid vein, its middle portion by the azygos 
ind hemiazygos veins while its lower part is drained by the gastric veins. 

Lymphatics. The lymphatics draining the upper part of the oesophagus terminate 
nto the para-tracheal and the inferior deep cervical lymph nodes , its middle part into the 
• ronchial lymph nodes while those from its lower part terminate into posterior mediastinal 
ymph nodes , the efferents from which pass to the coeliac and suprapancrcatic lymph 
lodes. 

Nerve supply. The oesophagus is supplied by both sympathetic and para-sym- 
lathetic fibres. The sympathetic fibres are derived from the cervical and the 
:horacic sympathetic chains while the para-sympathetic fibres are derived from the 
;agus nerve. 

In the neck. The cervical portion of the oesophagus is supplied by the 
sympathetic fibres which are derived from the plexus of sympathetic nerves around the 
inferior thyroid arteries, fibres being derived from the cervical sympathetic trunks. 
The para-sympathetic fibres are supplied by both recurrent laryngeal branches of 
the vagus. 

In the thorax. The thoracic portion of the oesophagus is 'supplied by the 
oesophageal plexus, the sympathetic fibres being derived from the upper thoracic 
ganglia and from the greater and the lesser splanchnic nerves, and the para-sym- 
pathetic fibres from both vagus nerves. 

53 
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In tiie abdomen. The sympathetic supply for the abdominal portion of 4 
oesophagus is derived from Gth to 10th thoracic ganglia, from the greater and 4 
lesser splcnchnic nerves and flora the plexus of sympathetic nerves around the t 
gastric and the phrenic arteries. The para-syropathctic fibres are derived from ti 
oesophageal pleYus (vagus). 

Development. The premitive oesophagus arises from the caudal portion of tl 
foregut and at first forms a short tube which extends from the tracheal groove to; 
fusiform dilatation (which is the future stomach) of the foregut. It descends on th 
posterior aspect of the septum transversum, and in the upper part, it lies in front of 4 
notochord and behind the tracheal groove. Then with the rapid growth of th 
Jung hud and with the caudal descent of the heart, the oesophagus rapidly lengthen 
and in consequence, its canal is temporarily obliterated but with normal developms: 
soon u is rccanaLized and becomes continuous with the stomach. Hie vbccb 
jncso d e r m that surrounds it gives rise to its musculature and connective tissue clem«! 
ine musculature at its upper two-thirds is voluntary in function and straited vhS 
in its lower one-third it Is involuntary and non-straited. 

ofthi^ ^ *' a ‘l ure of re-establishment of canalization of the oesophagus results In congenital iM 


Mechanism of deglntltJon. The mechanism of deglutition or the act e 
swallowing is a complicated process in which the muscles of the mouth, tongue 
palate, pharynx, the supra - and infrahyoid muscles and the muscles of the «*> 
nfSl!!* co-ordinated, successive activities of the above group 

^ boll,s of food “ received into the moutli cavity, then it is throw 
t? pha , rynx and . fina,1 y thc food P ass es through the oesophagus into* 
f r r „ Convc V i r nce > I tb ? mechanism of deglutition can be divided 
into three stages as foUows, although it is a one continuous process. 

,he s ‘ a &{ °f ^luntaiy activity. In this stage the food is received inn 
hEfnr?' f M d t t en u l tbro ' v ? back int ° ‘he pharynx. If thc food is solic 
tramf^rlK tCC l by thc t c , etI > the movement of the jaws and then thc bolus* 
■Fwli! thephatynx. The followingmechanism comes into play during this stage' 
nrotrS ,?u ™ 0Ut l ./* ?P ened ty the depression of the lower jaw, thc tongu 
protrudes to lie over the lower lip by the transversus linguae, the food is received ani 
he moutli cavity by the retraction nf the tonfme hv the contrae 


then it ♦ .x ‘“T “PPY™ trans\’ersus linguae, the food is received anc 

Uon of th?^W HC ca ' lt y b y the retraction of the tongue by the contrae 

Kcw/h! t g h 0SSUS 3 V d th r C ant ^ no r P art of Uie genioglossus muscles; if required, 
The month i/rwJTk ° f masUcatlon and then it becomes ready for swallowing 

bv thTorSo^i?^- b y , thc . ma “ c tcr and temporalis and thc bps arc approximated 
t>y the orbicularis oris; the tip of the tonime then *h- nn r t of* 


bv the nrhienlawV^ • , [u V , and temporalis and thc bps are approxin 
hLdoalatt hv fh ! ■*', P of,h f ““’S"' P rra ° on the anterior part ofto 
sum o P r V ^ El ?“ u! . an ,^ food Iia on a gutter formed over the to- 

path is formed ^ lon g |Uj dmaln linguae superioris; at this stage a tubula 

Se hIXa1,miT n v.‘- h ' g “!" r o » ‘ho dorsum of the tongue add tlte concavhl 
tox TheiftMo \ “, ch “ '“".“"'■ous with the oropharyngeal isthmus and the plf 
SSsurl^ ofriS 1 l,bu,ar P a , th “ gradually obliterated SSt before bactad, by to 
P o“orSlel!mohS2y|- h ' ‘ongoo against the hard palate caused by thc conttae 
WUh thb the Mo, ‘T a u'^", or ; nd b ' r relaxation of the genioglossi museto 

the o™ha™,M, ,Sf “ "I 11 ’ back thro “g h ">0 oropharyngeal isthmus town* 
and ,he P iSaivox P? la '' » elevated £y tafcvator palatitnusto 

bolus of food isrhrro* r‘ u C3 'i rr , om tiC oropharynx by the soft palate;, then to 
and] by ^ b >; th ' depression of thc root of tie tons? 

finally the stv>onI,->rv.°’ tbc b ^ OI , d b , on e and the larynx by the mylohyoid tnuscldi 
bolus of roSa™i,ir e ''“.Tl d ' dtva " s u ‘e pharyngeal avail eimially over to 
in thnuU^br il rT‘ f -» « pU'm (like a piston of a syringe 

caudally ifcainst the ™Jt°° d caudalw ? rdi into the pharynx by bulging dorsally a®* 
^ during the elevation of to 

thro.Sh”the I, nha^ "o' °S i ™ ,w l u O oeliri/y. In this stage the bolus of food pa* 5 
g the pharynx. Once the food reaches the pharynx the process becomes a? 
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ivoluntary one and the bolus of food is carried downwards by the successive con- 
raction of the constrictor muscles of the pharynx to the oesophagus. 

Third stage. This is also an involuntary stage in which the musculature of the 
esophagus progressively contract caudahvards to empty its content into the stomach. 

At the end of the fust stage, the tongue, larynx, hyoid bone and the epiglottis 
ttain their normal position 


ABDOMEN 

Abdominal walls , The walls of the abdominal cavity are so adapted that high 
egree of expansion of the abdominal cavity is permitted without any obstruction and 
nth least resistance because the greater part of the walls of the abdomen is fibre- 
auscular. Its walls are anterior and posterior. In an articulated skeleton the gap 
ieIow the costal arch and the lower end of the sternum is closed up by a 
bro-musculo-serous wall which constitutes the anterior abdominal wall. Poste- 
iorly the vertebral column occupies the median plane and on either side of it, from 
bove downwards, are the lower ribs, a gap between the lowest ribs and the iliac 
rest and the iliac fossa of the hip bone. The gap between the iliac crest and the 
ower border of the last rib is filled up by the quadratus lumborum which is enshea- 
hed by two layers of fasciae (anterior and the middle layers of the lumbar fascia) 
vhich meet at its lateral border and then joins with the posterior layer of the lumbar 
ascia. From the lateral border of the fused lumbar fascia the transversus abodminis 
nuscle arises and spreads transversely across the anterior abdominal wait. Thus 
ve see that the posterior abdominal wall is an osseo-musculo-fihrom wall and its 
;omparative weaker part corresponds to the gap between the lowest rib and the 
Uac crest. 

Anterior abdominal wall. If we look to the anterior abdominal wall we find 
v linear vertical groove opposite the median plane which corresponds to the linea 
ilba, a longitudinal fibrous band extending from the xiphoid process to the sym- 
>hysis pubis. On either side of the groove for the bnea alba the longitudinal 
nuscular prominence is caused by the rectus abdominis, lateral to which is a linear 
mrved groove, the lima semilunaris which corresponds to the division of the aponeurosis'' 
>f the internal oblique muscle at the lateral border of the rectus abdominis. The 
nost conspicuous feature of the anterior abdominal wall is the presence of the 
irabilicus which lies opposite the level of the fibro-cartilage between the third and 
he fourth lumbar vertebrae. 

Structural arrangement of the anterior abdominal wall. The construction of the 
interior abdominal wall is such that the two recti muscles, one on each side of the 
median plane, form flattened muscular pillars anteriorly and connecting them 
•vith posterior pillars, formed by the vertebral column, the sacrospinalis and the 
quadratus lumborum muscles, are the three flat muscles, namely, obliquus extemus 
ibdoroinis, obliquus intemus abdominis and the transversus abdominis. If we 
make a transverse section through the anterior abdominal wall the following 
anatomical facts in the construction of its wall will be noticed. 

Opposil/to the median plane — (Structures from without inwards). The structures 
are the skm, superficial fascia, linea alba, transversalis fascia, extra peritoneal 
connective tissue and the peritoneum. 

Opposite to the prominence caused by the rectus abdominis — (from without inwards). 
The structures are the skin, superficial fasda, anterior wall of the rectus sheatn, 
rectus abdominis muscle, vessels and nerves, posterior wall of the rectus sheath, 
transversalis fascia, extra peritoneal connective tissue and the peritoneum. 

Opposite to the linea semilunaris — (from without inwards). The structures are tire 
skin, superficial facia, aponeurosis of the three flat muscles of the abdomen, tranj- 
versalis fascia, extraperitoncal connective tissue and the peritoneum. 

From the above anatomical facts it is evident that the portion of the anterior 
abdominal wall corresponding to the linea alba is entirely fibrom and consequently 
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Jess vascular. Hence, safest approach to the abdominal cavity may be undertak 
through this line. The line opposite the linea semilunaris is also fibrous and Its 
vascular but the nerves supplying the rectus abdominis, which arc segmental in 
distribution, ti averse this space and an approach to the abdominal cavity thww£ 
this line has a possibility for the nerves to be injured. 

Compensation of the week anterior abdominal wall. Of necessity nature has provide 
a softer and a weaker anterior abdominal wall but this weakness is much compewle! 
for by the auangement of its muscular wall which affords sufficient protection £» 
the internal organs. The two straight muscles on either side of the median phsc 
are sufficiently strong to protect the internal organs anteriorly. Remember a 
athlete «l good physique can resist the weight of a motor car being run owr 
atru«> the abdomen with the contraction of his recti. Antcro-laterally thethre 
flat muscles are arranged in such a way that they arc placed one above the ode 
and die muscle fibres of one cross those of the other and vice versa. Thisarrt&gt- 
meut strengthens the anterior abdominal wall and affords sufficient protection 
lor the internal organs. 

Regions on the anterior abdominal wall. Inorder to ascertain the resptt 
tive position of internal organs in the abdominal cavity, the anterior abdominal wu 
has been divided into different regions by drawing different straight lines at difirwi ; 
levels 01 planes. There arc altogether nine regions in the anterior abdominal™ 
and they arc demarcated as follows : Draw a transverse line across the anterior 
abdominal wall connecting the tips of the tenth rib and this line is known as the 
TRANSPYLOR1C LINE. A second transverse line is drawn opposite the highs' 
point of the iliac crest and this is known as TRANSTUBERCULAR LINE. Thru 
we see that these two lines divide the anterior abdominal wall into three zona » 
areas — upper, middle and lower. Two vertical lines, one on each side, are draw® 
perpendicularly upwards from the middle of the inguinal ligaments and_ they 
cross the transtubercular and transpvloric lines at right angles. Now it is obvww 
that each of the upper, middle and lower areas demarcated by the traostuberculw 
and transpyloric lines, is further divided into three areas by these vertical h a0 - 
The upper area is divided into right and left hypochondriac regions on the lata* 
sides of the two corresponding vertical lines and into epigastric region which ao 
in between the vertical lines. Similarly, the middle area is dividing into right fto 
left lumbar regions and the umbilical region while the lower area is divided in* 0 
right and left inguinal regions and the hypogastric region. 

.Y.fl. Sometimes a transverse line is drawn across the anterior abdominal wall opposite the row' 
dependent part of die tenth rib and this line constitutes the sub-costal plane or line. 


Contents of Individual Region : 


(1) Epigastric region: 
efo) Stomach. 

^61 First part of duodenum! 
Jc) Left lobe of the liver.. 

(<0 Medial end of the spleen.- 

(e) Pancreas.- 

{/) Left suprarenal gland- 


(2) Right hypochondriac region! 
~(a) Right lobe of the livers 
(bS Gall bladder. 

(<r) Right colic flexure* 

(d) Right half of the trarav«fi £ 
colon. 


(3) Left hypochondriac region: (4) Umbilical region: 

(f) Stomach.. (a) Small Intestine, 

w) Spleen.. lb) Pancreas, 

(c) Left colic flexure. - (e) Duodenum. 

(d) Left half of the transverst 
colon. 

(<) Tail of the pancreas. 
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(5) Right lumbar region: (6) Left lumbar region: 

(e| Right kidney. ( a ) Left kidney. 

(6) Ascending colon. (6) Descending colon. 



A==TrampyIoric pl.ine B=Subcoital plane C=Tranj{ubercuIar plane 
D=Left lateral plane E=Median plane 
Fig. 7 00. The planes of the anterior abdominal wall. 

(7) Right inguinal region: (8) Left inguinal region: 

(<ri Caecum. Pelvic colon. 

(b) Vermiform appendix. 

(c) Terminal portion of the 

ileum. 

(d) Commencement of the as- 
cending colon. 

(9) Hypogastric region: 

(a) Urinary bladder. 

(b) Rectum. 

(c) Prostate and seminal vesicles in case of male. 

(d) Uterus, ovary and uterine tube in case of female. 
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Superficial fascia of the anterior abdominal wall. The supcrfia! 
fascia of the abdomen forms the general investing fascia and is continuous air 
tvjth the superficial fascia of the thorax. Below, opposite the inguinal region it dirt 
la*° djsdnc * Ia y crs > a superficial adipose or fatty layer and a deep membrane: 

Superficial adipose layer or the fascia of Camper. The superficial adipose layer of lb 
superficial fascia of the abdomen forms an areolar membrane which contains fit t 
its. meshes, and superiorly, above the line joining the two anterior superior 2x 
spines, it n fused with the deep layer. Traced medially, it is continuous with & 
tcllow ot its opposite side. Traced downwards, opposite the symphysis pubii, i 
passes in front of the spermatic cord and then covers the penis and scrotum, Is 
the scrotum its adipose tissue is replaced by muscular fibres and forms the darts' 
muscle in this situation. In the female it passes along the round ligament cf 4 
u eru3 to the labia majora. Opposite the inguinal ligament it passes over their- 
gumal ligament and is fused with the deep fascia along the Holden's line, a strai£ 
tine that passes transversely from the pubic tubercle to the lateral side. 

Uijpmmbimm l„„ „ tfo Jasria ,f Scarpa. The deep membranous laytrij 
• c P cr “Cial fascia of the abdomen contains many elastic fibres and superiorly v 
the adipose layer above the level of the anterior superior iliac spins j 
h ' H* IS , a ^fp C " t 1° hnea alba by fibrous bands opposite tile median phsl 
SE l l^ h J ia f ° f - th<S S n ph >' sis P ubis il along the spermatic cord andil 

r,l,"r^ U | C pC ?“ “V* 6 scrotum ant l is then continuous with the fasciae 
^!rhrnJ-fr dCCP Ia X cr . of tbe superficial fascia or the perineum. Opposite if, 
the riot l f rmS - a distinct band which soon separates into two bundles to cxnbrat' 
raflrrl the f ilL I !! niS r and a J re / u ? cd "7‘ h thc shea dt of the penis. These bands**! 
nortinn °f P e J}U- Opposite thc inguinal ligament its med® 

Fniminal lnsuina _ b S a *nent but its lateral portion passes over th 

S fiscif oT Sr f Fh;l dU t tanC V f *£*?] °? e , i . nch and cnds below by fusing wth& 
ascends nmi-ird. « 30 tbe - ?° d cn s line. The superficial epigastric aitf^ 

SHdinaS ,^ aS3mg to inguinal ligament and intervenes bmf 

Sso ]iiStw^n d tW f embranous r The superf.dal Inguinal lymph nod* 

also he between these two layers of fascia below the inguinal ligament. 

ficia/fasda of Uie ner/nr^Jn 0 !^ 16 ^PCTficial fascia being continuous with the deep layer of the rcP 
and accumulates under th^favrb ^ latter ascend* upwards into abdominal *; 

It cannot go into the front «r tl,,. ° r d>e deep layer of thc superficial fascia of ihesbd 0 ^ 

and conseKy tk hecaU3C fa,da ° rthc Scarjia is adherent to theCsc^ 

Sear P 3 >3 SSteSJSftSJSr* b *" X ■*»“> ** r ““ 

wallSbc^m b '.' n fmoved thc anterior ebdomiu 

known as the n. ti °rmed by a tfnn glistening, transparent cloth-like stntcmr 
areS fcoe „ p „ 1 v'i U Tk H 10 * >■> the peritoneum is a thin layer?, 

On a general vf™ K * t ' d,c!1K fascia known as the treerrrmlir/cH 
versaln^ria wllT fhn peritoneum, eutrapcritoncal connective tissue and the tw» 
rStinSnT Liten T . OS “ hyp- or membranous structure, but vital 

seen to be a distinct 1 ,' C tn J;ttl v er3aiis fascia retracts from the cut margin and it tj 
connective ,Luf ' ’ ° f fa5aa ' vhich “ ! p,e a d on the loose cWJ*rilt>e» 

well SSTSS' A 1 * , h thc s ' n ' ral mating lascia on the anterior abdooW 
SnpSonrai corncct 1 .■"""'"Aw muscle and in the front oft?; 

the under-surface r>f thf j- V UC ‘ “ continuous witli the fascia coveri^ 

i?rv opposIte * hc iUac 15 aw t£ 

transversus abdomini* n utD ^ T “P of the iliac crest between the iliacus and 
attached to thc undcr-iurfaccof , latcral °f die inguinal ligament it <, 

Opposite to the and is fused with the fascia iliaal 

Hgament and then is * U attached to the under-surface of die inguuJJj 

g enr and then u continued downward in front of the femoral vessels. 
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the femoral vessels it is fused with the deep aspect of the conjoined tendon and is 
tally attached to the pectineal line. Posteriorly it is fused with the lumbar fascia 
ulterior layer). * 


ABDOMINAL CAVITY ^ 

The disposition pfjhejransvenalt s fascia and the e xtra- peritoneal con necdv^* 
isuc having been seen Ahe^abdominal cavi ty m a y b e opened by a cruciate incis ion 
pposite tfieTeveTofthe umbilicus. Reflect the upper two flaps upwards over the 
«tal arch and the lower two flaps downwards and verify its different boundaries, 
he whole abdominal cavity is divided into abdomen proper and the pelvic cavity by the 
slvic brim; the portion lying below the pelvic brim is the pelvic cavity and the 
jrtion lying above it is the abdomen proper. 


Boundaries of the abdo- 
inal cavity: 

Superiorly . It is bounded by 
e concave under-surface or the 
aphgram which separates the 
jdominal and thoracic cavities 
om each other. * / 

Inferiority. It is bounded by 
e upper concave surface of the 
ilvic and the urogenital dia,- 
uragms. 

Anteriority. Anteriorly and 
jove, a considerable portion of 
.e abdominal cavity is bounded 
r the back of the costal arch, 
nteriorly and below the pelvic 
wtion of the abdominal cavity 
bounded by the back of the 
■mphysis pubis./ In between 
lese two points the anterior 
all is formed by the back of the 
rtterior abdominal wall which 
a fibro-musculo-serous wall. 

Laterally . Laterally and 
bove, it is formed by the costal 
rch, and laterally and below, it 
formed by the hip bone. In 
etween the iliac crest and the 
ist rib it is formed by the fiat 
nisei es of the anterior abdomin- 
al wall. 



With kind permissioa from CaUandcrs Surgical Anatomy, 
W. B. Saunder’s Company; Philadelphia and London. 


Posteriority. Opposite to the 
pigastric, and the right and 
:ft hypochondriac regions it is 
irmed by the vertebral column in the median plane and on each side of the median 
lane by the quadratus luraborum together with the lumber fascia. Opposite to 
le inguinal fossa it is formed by the iliac fossa of the hip bone and by the lumbar 
ertebrae in the umbilical region. Opposite to the pelvic cavity the posterior wall 
formed by the anterior surface of the sacrum and the coccyx. 

Dispositions of the abdominal viscera. The diaphragm muscle forms the roof of 


he abdominal cavity under the concavity of which, opposite the right hypochondriac 
,nd the epigastric region, there lies the muddy coloured, solid organ, the liver which 
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!L di Sn™ r S 7* “I '° bCS % th '- C, ! dlbnn which connect* I, «S 

the diaphragm and the antenor abdominal wall. Lying on the under-surfaced 
the liver and just peeping out of its sharp inferior margin, opposite to the tip of th- 

ITfcfS T L F iS "“t E l“ b,,l!,r f “" d “’ ° r «■' $ L B 

1 wf JP'Sfwlric regiom the dilated hollow vhESh the 

siomacn. Helmut the left side of the stomach the muddy coloured solid orwnistk 

f/rnbs 1Ch rrTm 3 fhe n ^ which separate it from the OtlAt ad 
the greater omentum ° ft te ltcr cu . rva,ure ) o{ the stomach there, bn? 

man of the abdaru? » [ old of Peritoneum popularly called the 'Polio: 

SI' thrown \ de l thc h ^ stin “ from vi ™- The greater omens 

will be exposed Lvintr hrn ^ lbc sma 1 ,ntcs tinc surrounded by the large incest* 
uith u Ke erentVr n^' h f grcatcr of «he stomach and connect* 

stretches transversely across 'thV §3™"’° ? IlgI l mcnt ) is thc Onscene colon which 
transverse colon It n r ab< ? ornina l cavity. Passing backwards from lit 

is attached posteriorly »'« it° ^ °^P? rU ° ncuin known as the transient mesocojen wfuri 
of the poncre.-,,. an elongatS gM 
and M Opposite to th^ri^ 

respectively at -in an<»li» 9n t <u ° n J 0 . ,ns *be ascending and thc descending colon 

iSESj, - 'Ktt fer, s n“ arc ca,led ": c V =>» d w 

and opposite to the^Icvr-nfi ft. C C0 - 1C on each side of the vertebra! column 

mg A^ Lyit SSSSrS&^E tH!rd ,U , mb . ar VCrtcbra h t,lC «**«* 

and lying behind it and in front !r lu d tbc s >7 n P , ’>' sls P ub * « the unnary bladiit 
betwin 8 the urinir? bladder a [u* S3Cn,m “ th ? the female' lying in 

uterus to thc side wall of ^ tb ? r ^ ctuia « the uterus. Extending from tit 
hrm i l, s mM which ends oboJTin^a Ifc b , roa ? fold [of peritoneum is known os the 
of the ulirim tub, of theuterai Attached to" "' h ' cl ! “rresposids to the pt*mt» 
mem by the mesovarium ffold-of ‘ I*? ,enor W*f«ce or the broad lip- 

the uterine *>'.■*«&■ &'«* and in fmottf 

and behind the uterine tube the enrd U rt “ thc r0UnJ it S sm ' nl n f lbs vims and belou 
Coming back to n dic U 3 tomarh°f^il lke!tnJ i C,u : c “the ligament of Ike ozaty, 
pyloric end which terminates it^ th * To ll ? rl ght conical extremity formntl 
of three parts, duodenom '?, tcstln e. Tile small intestine consult 

direct continuation or the , p J yforic?nd'or !h' ' ' Um ' t, Tb ' ‘ ,,l °* num hegi™ as Ac 
then descends downwards ot the side or’Jh- 10 '^?! "! d al flrst “1™"“*' 

transversely across the vertebral rot dC • vcr tebral column and then crosses 
ends in the duodeno-ieiunal ,n . front of tIlc abdominal aorta and finally 

vertebra. °PP os ^ to the left side of the second lumto 

any line of demarcation it beaniM thc J^ anum begins and without hasmg 

and the ileum are suspended fi-nm ^ ontlnuo J« with the ileum. Both the j'ej'umiffl 
peritoneum known as^Ae mesenterv n posI . c ( nor abdominal wall by a broad fold of 
by entering into a dilated noucl/knn?.^ 5 '^ *° tbc ng,lt iJiac fossa the i,curn 
blindly and from £ ^pos, e S T n a *J he caecum ‘ Inferiorly the caecum ends 
downwards. Continuous with ih ^ ^* art * 1 j worm-like vermiform appendix projects 
winch ends ^ ? tKc caccum ' » th 

across the abdominal cavity cnife inS *t^P% trmMr lL eolm bcgIns and P ,^ ? 
the left colic flexu re and end? 111 e . descntdin 5 coloT ! b®? 1 " 5 


peritoneum 

females it .comm^icateTw^ and , is a closed sac in the males. In th' 

outside via the cervical canal and *he* , cavit Y through the uterine tubes and so to th' 
, portion lining the abdominal paried^ L| k e t fagjleura it consists of a bari eia 

5 “ panehes end a moral pAn S^tig t ile fe S « 
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iy“ ,in S around >*"= inferior margin it i, continue 
™ .mder^nEc ol-tlnt l, vcr . J„ lhe under-surfacc of the livM th- neritonm 
has the following dwpontioni (i) To the right of the porta hcpntii the S S 
to the postenommt limit of the inferior surface of the right lobe of the lira'nnlftc 
Fn ,n S" m b A r ¥ “ rm v ligmmlXD the diaphragm anilis then reflects 

to the right suprarenal body and to the right' kidney and then rum tomrif* 
median plane covering the duodenum, right colic flexure and the inferior vena car 

i i nd P °?T’ r "'a ' 1 -» f »>' »»'»<«< fam (Er rid S 

- hVerb devoid of °r “"“If I'Snmcnt a jJiEideniMe area or tit 

comnarv 1 Sle„, P " d f “ rn "“l ,h<! S"" m >‘ »/ «« Brer. The layers of 111 
and fln?Il yare fmef^SetK ?E pro ? d ’ Mh ? r « >he right margin of the live 

riat SllTllZZ forming a triangular ligament on the right side, til 

forming iVia,^ 1 arfU fh^Sgr , j?i m 7 C ‘ a ' U “ ,rf ‘ -“H" d " 

qua*aL° P Sa t nd ,, t'he 1 und, 0r,ll f *' Fritoneum at 0„t coven the 

attached 'o ,he anteIr ma,F,W ,n. nnd . ,h ,f !id ? ^ 7 8»« ‘> !add «' »" d ">«> * 
hepatic arterv and thr h;u a * 1C - P? r,a ^ c P at,s an d then coven the portal vein, 
of these stStmes and cL ., fr ° m e n then turns round the rigid map* 

margin of the porta henath Thm"!, fTk™ bchm ? !,nd “ attached to the pSS 
.and posterior which / ^5 P° rta hepatu it forms two layers, anterior 

structuies of die porta henatis nU TraeS' h | 7 1 mhc ' ^ round the right margin of lit 
of the Assure for the lioanFenhim , d ‘° *h e *7 lhc two layers reach the hotton 
The left layer is continuous with rtS.° IUm -.“ nd thc " d ''TB' 1,1 ri Sht and left layea 
left lobe of the livefXtomthe^h,", ''' - m Cm ? m S ,hc undcr-surface of lie 
cowring caudate lobe and the iyCr 11 c ° nt muous svith the peritoneum 

the layer in front of and hehmd , C P roccss .°f the liver. Traced downwards 
ponding layer of the lesser omentum. 1 ” ° f the P ° r ‘ a he P a ‘ i,rorms tl ^ rorrcs * 

and passes bad^vard^im ,l cov . crs ‘he inferior surface of the left lobe 

layer* of the left tSSLi? v° r ' v ! ,cre ]t « fused with the superior 

of the fissure of the^ieamentnm'v#. *° lhc ?fiht this layer reaches the bottom 

folds that extend from^he -norta whcr ? fornu 'he left layer of the two 

anterior layer passes downward* From the level of the porta of the liver the 

hepato-duoden?! ^yer of the hCBa to-gastric and 
^ mc - o r ^e Stomach a? d tLf fW £ - C ora 5" tura ) ™d passes to thTi^T cur- 
lav er passes overX^l ® l ? t P° r, ' on of ‘he duodenum. Then the anterior 


-.*1 stomach 'and fi~V 1 n l en 1 cura J an u passes to the lesser cur- 

layer passes over the antcro-sunerinr^r 0 ” °p , l C duodenum. Then the anterior 
Traced downwards, it descends^ the sto £ na ^h to its greater curvature, 

omentum. Reaching i S ^ w anterior layer of a free fold called the greater 
of the greater omentiL and co^Jthe anterio iS Up 'V ards 1X4 the posterior layer 
colon, goes backwards in front of the J r . t "“ r and W«ior surfaces of the transverse 
of the head in a line with the transs ersc mesocolon to the anterior surface 

lower part of the anterior surfacTonL^'J !?£ J h *. pancre ^- Th« k covers the 
of the pancreas to reach its anterinr^kn c h ca d arid tI,e flnf erior surface of the body 
layer of the t,an™Sm<S5?„f ™ 7'? !t ruI » fo™'™* « *0 ™perior 
aspects of the transverse colon and ” P® ster,or » superior, anterior and inferior 
pancreas as the SS Slu™” back ^ rds ‘he anterior border of the 

inferior surface ofthe body of the T,-, „^ tran3V ?” C P?” 000100 - Tiien 5 ‘ covcrs thc 

terte vessels forming the anterior hS and M oa to thc superior 'mesen- 

Then it encircles the small intretir^/ °£i^ c mcscnter y and covers the small intestines, 
forming the posterior layer of thr B f ttacdied t0 *hc posterior abdominal wall 
passes downwards covering ti,- _ m . es 5 n ‘^ r > % From its posterior attachment it 

pelvic colon to fon?Th?p?iv!’ Ca ° r ' a r t0 *?$*''*' Ja * e pelvis it covers the 
of the rectum and then only- the fhw^r *, nd ^ C0 J5 n at first thc s 'dcs and front 
upper part of the «anfn3*rid/25 f. flts ““^dle third and is reflected into the 
hw c it is reflected on to the In rlr "4j he » u P en «M; surface of the bladder. From 
umbilical ligaments up to the ubWhSSS? ftSSSSEf* 3nd ^ 
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In order to ascertain the HORIZONTAL DISPOSITION of the PERITO- 
RUM it should be traced at the following levels. 

(1) Above the level of the transverse colon. 

(2) Below the level of the transverse colon. 

(а) In the louver abdomen. 

(б) In the pelvis. 

[ the upper abdomen above the level of Ike transverse colon : 

(a) Main cavity : Beginning on the posterior abdominal wall at the inferior 
:na cava on the right side and traced to the right, the peritoneum passes in from of 
le right suprarenal gland and upper part of right kidney and then to the anterior 
bdomtnal wall. In the middle line anteriorly it invaginates the obliterated umbili- 
il veins forming the falciform ligament of the liver. Traced to the left it covers 
ic lateral wall of the abdomen and then reflected on the lateral part of the anterior 
irface of the left kidney which it covers^ From here it is reflected on the posterior 
spect of the hilum of the spleen forming the posterior layer of the Iieno-renal liga- 
ment. It then covers the surfaces of the spleen and is reflected on to the anterior 
spect of the hilum and thence to the cardiac end of the greater curvature of the 
:omach forming the anterior layer of the gastro-splenic ligament. Here it covers 
re antero-superior surface of the stomach and the commencement of the duodenum 
nd proceeds upward s from the lesser c urvature of the stomach as the anterior layer 
f the lesser omentum^> 

( b ) Traced further to the right the peritoneum winds round the bile duct, 
epatic artery and the portal vein and covers them from behind and crossing further 

0 the left it proceeds upwards along the lesser curvature of the stomach as the 
osterior layer of the lesser omentum. Then it covers the postero-inferior surface of 
be stomach and passes to the hilum of the spleen as the posterior layer of the gastro- 
plenic ligament. Then it passes to the medial part of the anterior layer of the 
leno-renal ligament and then passes across the posterior abdominal wail crossing 
be aorta and finally reaches the front of the inferior vena cava from where we 
tarted. 

Epiploic Foramen or adjtits to the lesser sac — ( Foramen of Winslow). I t*is bounded 

1 front by t he free -marg in of the lesser omentu m - con taining th e bilFTjiTc r^hepatic 
r tery and the portal vein^ 

Be hind by peritoneum covering the interior, vena cava. 

Abov e by peritoneum on the caudate process of the liver and below by the peri- 
toneum covering "tire hrst parTof theTIuodertUrn. — 

Below tht level of the transverse colon in the lower abdomen: , — 

Beginning from the middle line and traced to the right it lines the anterior 
abdominal wall and then passes to the sides of the caecum and the ascending colon 
and invests them from the sides and in front and then it passes towards the vertebral 
column covering the psoas major muscle and the inferior vena cava. Then it coven 
the mesenteric vessels and the small intestine from in front and behind anti completes 
the formation of the mesentery and from its attachment to the vertebral column it 
passes to the left covering the left psoas major and the antero-Iatcral surfaces of 
descending colon and finally reaches the anterior abdominal wall from where we 
started. 

In the Pelvis : 

In the male it encircles the pelvic colon and is reflected on to the posterior wall 
forming pelvic mesocolon. Lower down in the pelvis it covers the rectum from in 
front and at the sides, where a fossa, the pararectal fossa, is seen on either side of the 
rectum. Then further lower doivn it coven only the front of the rectum and Is 
reflected on to the bladder covering the upper end of the seminal vesicles. Between 
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the rectum and the bladder the peritoneal pouch is known as the rectovesical 
■ excavation. It is bounded laterally by the peritoneal folds which extend from tfct 
sides of the bladder to the sides of the rectum and the sacrum. These folds are 
called the rectovesical folds or sacrogenhal folds. The peritoneum then passes upwsrm 
covering the superior surface of the bladder on to the anterior abdominal wall 
On cither side of the bladder, specially when it is distended, a fossa called paraushl 
fossa, ts bounded laterally by a fold of peritoneum covering the vas deferens. What 
tlit* bladder ts empty a transverse Told of peritoneum, the plica vesicalis, transversely 
divides the paravesical fossa into two portions. Between the paravesical and pararec- 
tal fossae is an elevation produced by the ureters and the hypogastric arteries. 

In the female the paravesical and pararectal fossae are also seen. The para- 
vesical fossa is bounded laterally by a fold of peritoneum^overing the round ligament 
of the uterus. The rectovesical excavation is divided by the uterus into shallow 
vcrico-uunnc, and deep, recto-uterine excavations bounded laterally by sacrogenital « 
folds. From cither side of the uterus the broad ligament passes laterally containing 
the uteiine tubes in their free margins and subdivides the pelvic cavity into anterior 
and poMerior compartments. 

T he ovaries ate attache d to the posterior part of the broad .iygaguuvt by the 
mrso\ ariuni* In The lateral pelvic wall behind the attachment of the broad jigo* 
mrnl, untie angle between the diverging hypogastric and external iliac arteries w 
a shallow’ depression — the ovarian fossa for the lodgement of the ovary. 


PERITONEAL CAVITY 

Normally both the visceral and the parietal peritoneum Ue^n_cIose apposition 
with each other and the potential space between the UyoVTThow’n'aTth'^^'® 
caul}. When the abdomen is’ opened by dividing the parietal peritoneum on'mc'. 
anterior abdominal wall, the peritoneal cavity becomes exposed. In cases of accumula* 
tion of fluid or gas in between the parietal and visceral peritoneum the potential 
spare also becomes apparent. . 

The periton eal cavity is a closed sac of peritoneum in the male but in the fern 5 '® 
the vac communicate s with the exterior through thiTabd rfi-mnat rattum (opening 0 * 
the uterine tube In the peritoneal cavityJ7 uterine tube, uterine cavity and vagina 
respectively. The cavity extends from the under-surfacc of the diaphragm above 
to the bottom of the pelvic cavity below* and Sends in a small devcrticulum which 
lies behind the stomach and the adjoining structures. Thus the peri tonea ^ ■&&& 
ran be s ubdivided lnioji gre ater cavit y, the greater sac ancTa lesser cavity, the lesser 
sac, bollfoT which are continuous wall eacii othCbthtougli iTbutile-neck communica- 
tion, the aditus to the lesser sac or the epiploic foramen. 

Greater sac. As soon as the abdomen is opened by dividing the parietal 
peritoneum on the anterior abdominal wall the greater sac becomes opened up a n , 
extends from the under-surface of the diaphragm above to the floor of the pelvic 
cavity below. 


Boundary: 

A&ore. It w bounded by that portion of the parietal peritoneum which coven 
the under-surface of the diaphragm. 

Below. It is bounded by that portion of the parietal peritoneum which coven 
the pelvic floor. 

Anterior!}, It is bounded by the parietal peritoneum that lines the posterior 
aspect of the anterior abdominal wall. 

Posteriorly. It Is bounded partly by the visceral peritoneum covering the viscera 
on the posterior abdominal and pelvic walls and partly by the parietal peritoneum 
on the posterior abdominal and pelvic walls. 
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The greater sac may be divided into superior or supra-colic compartment and inferior 
or infra-colic compartment by the transverse colon, transverse mesocolon and the greater 
omentum. 

Supra-colic compartment. It is bounded above by the under-surface of the dia- 
phragm; Won; by the transverse colon and the greater omentum; anteriorly, by the 
posterior surface of the anterior abdominal wall, and posteriorly, by the lesser omentum, 
stomach and the gastro-splenic omentum. The supra-colic compartment may fur- 
ther be sub-divided into different sub-phrenic spaces which have been described 
under separate heads. 

Tire viscera to be found in this part of the greater sac are the liver , s tomach and 
the s pleen; the pancreas also lies in this part of the abdominal cavity butlt is located 
behind "the stomach under cover of the lesser sac. 

The supra-colic compartment communicates with the infra-colic compartment 
over the greater omentum and with the lesser sac through epiploic Foramen. 

Jf.D. In inflammatory conditions when the greater omentum becomes adherent with the posterior 
aspect of die anterior abdominal wall, the supra-colic compartment may become completely shut off 
from the infra-colic compartment. 

Infra-colic compartment. It lies postero-inferior to the transverse colon and its 
mesocolon and is more extensive than the supra-colic compartment. It is divided 
into upper right compartment and lower left compartment by the attachment or the root of 
the mesentery’ which extends fro m the left side of the second lumbar vertebra to the 
right sac ro-ih'ac articulation pas sing obliquely in front of the ve r tebral column. 
The lower left compartment ts continued downwards into the pelvic cavity. The 
infra-colic compartment contains the small intestines being surrounded by the large 
intestine. 


LESSER SAG OR THE OMENTAL BURSA 


The lesser sac of peritoneum or the omental bursa is a recess of the greater sa c- 
and lies mostly behind the stomach although it extends beyond its bmit. It is of 
irregular outline, and hcimT situated mostly behind the stomacfiTTt acts 'as alnirea " 
for the same (s tomach) facilitating its movement an d.thus.it is alternatively railed, 
t he omental bursa . The bottle-neck communication -betw een it and the gr eater sac 
is called the additus to the lesser sac which is bounded in front by the right free border 
of the lesser omentum," befilncfby the inferior vena cava, above by the caudate process 
and below by the first portion of the duodenum. 


v Component parts. It consists of a vestibule and an upper and a lower recess. 

The vestibule of the lesser sac is a narrow area within the lesser sac and lies 


immediately to the 1 efLflfjh a adi tusjt° thelesser sac. From the vestibule the cavity 
of the lesser sac spreads out i rregularl yTn to~ the upper and lower recesses. The 
upper recess ascends upwards behind the caudate lobe t o re ach _the anterior aspect of 
the diaphragm. The lower recess descends downwards and to tKeTelTmTront of the 
anterioraSpect of the pancreas and behind the stomach towards the spleen. 

vj Boundary, The lesser sac has anterior and posterior walls and f our bo rders, ri ght- 
left , upper and lo wer. 

The anterior wall of the lesser sac is formed by the following in order from above 
downwards: 

^ (1) Peritoneum covering the caudate lobe of the liver- 

• (2) Posterior layer of the lesser omentum. 

(3) Peritoneum covering' the postero-inferior surface of the_stomach. 

Beyond the greater curvature of the stomach the anterior wall extends to the 

left side, and is formed by the posterior layer of the gastro-splenic omentum. 

(4) Posterior layer of the anterior sheet of the greater omentum. 

The posterior wall of the lesser sac, when traced from below upwards, is formed 
by the anterior layer of the posterior sheet of the greater omentum upto the anterior 
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border of the paucreas and then the posterior wall is formed by the - peritoneur 
covering the anterior surface of the pancreas, part of the anterior'aspect of the Id 
kidney, most of the left suprarenal gland, commencement of the abdominal aorta 
5* r ery ml ,’ l u br . ancf l C3; thc peritoneum covers the under-sutfco 
of the diaphragm and then is reflected on to caudate lobe of the liver to becom; 
continuous with the peritoneum forming the anterior wall of thc lesser sac. 

m \Jf n b ° Tdt l 11 't f ? rm ! d by thc Icft mar g' ,n greater omentum, the gasto 
splenic omentum and by the heno-renal h'gament. , 

r b ° rder - Thc l0 Y CT P art of thc right border is formed by thc right mare* 
f^!Sr me | Um ' 5 y “ r P u n i? ncaI reflcction from the head and neck of the 
Sfr hnrd^ ,? , under ' s ^ ace ? f *c first part or the duodenum; above the duodenum 
b> ’ T ? rCSCnCC 0f thc c P : P lo!c &«men the perils 
fr.ramr.nTw “" lmu ? us with the peritoneum on the posterior wall of the epiploic 

SSStobSSeThE ,he “ r ' nor v ^ na and « “ "»«'«* «v*. 

S™"'£ r ' ■ I' b ““P’ra^vcly narrow and ij formed by Ihe peritoneal reO» 
non between the : inferior vena cava and the o’esophaem. . 

omenlom , nlXr,fwh",t, COr | reS|POn S P rcrama % “> 'he lower border of the greater 
fSon ta'wwn S hC Til b ° rd " n,K “ a h; S b or level due to adhesiSn an! 
luaion between thc layers of the greater omentum. 

ncrWionVf ^" s - l)r , b | M - d accumulate into the leaser sac rlnC Ja. 

perforation of the stom ach or duodenal a nd V.- gTi. 

tengdand ntay 

raa i oraffmhnllb ijute, parneularly thro„ g h‘io aditST 

om e ntum connecting the itoiS 'JS. rtf r” ° mcMa arc rcco S n,J ' d ' '=?*' 
the stomach win, ih» stornach '' nth the liver, greater omentum connecting: 

conneeu the stomach will, the vlee“!°° ‘ h ' Bas,r0 - spl! ' nic omentum whS 

eurvammo-f ES 

jhf w ~ UIC JjgSU]3HjS^ 

die liorizoirtaUhiib brine Mtarh~tV° a!** bvcrand 113 line of attachment is 'L'-shapcd, 
limb to thc depth of thf B 5 S ‘ure'foJ°the'l !na ' K "“ ° f thc porta h 'P atis > and thevertical 
to the lesser curvature of the for tbe hgamenlum venosum. Brlnw it is attached 

first poSon of™ d'oden™ The now' 0 "‘t" PP ' r T ° rU,c Er3t one taC '! 
part of the duodenum is called the from thc liver 10 lh ' “ 

altaS'tothl'iSrghS of the TOra'hemf^?"? M Its u PP er b,>ritr “ 

ponds to its line of attachment to tS lts ,ower border is curved and corres- 

mg portion of the duodenum- it? ^lT C L CUr ? rat , ure ° P tbc stomach and thc adjoin- 
a free margin ’?"«!* H order J “ !h °». «** and rounded and forms 

epiploic foramen: its lefTborder bo “, ndar Y °. f . the aditrn to the lesser sac & 
of tL fissure for ’the t0 ^ ofattachment W 4116 *** 

The antcriw SonK to* the n? 0 ^ 1313 ° f r V ? Iaycr5 » antcrior » and posterior, 
one is formed by the pcritoneumT?l?fi t0nCUm ° f , grcater sac whilc die posterior 
layers arc continuous \\ ith rar-h * esse ^, sac - Both the anterior and the posterior 

> nunuous u ,th each other around thc right border of the lesser omentum. , 

Contents: 

, (l) 1.0 corresponding veins 


^S.S-IS- 
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tached to the back of the mesentery proper and its medial margin ends in a free 
)rder which contains the appendicular vessels, lymphatics, nerves and a lymph 
>de. 

Ascending and Descending mesocolons: Sometimes the ascending and 
uscending colon, instead of being covered only in front and at the sides by the perito- 
:um, are completely invested and loosely attached to abdominal wall by a mesocolon, 
he left colic flexure is attached to the diaphragm by a fold of peritoneum called 
te phrcnico-colic ligament (opposite the l Oth and Uth ribs) or the mesentery of 
ie left colic flexure. It is also called the sustentaculum Hems as it supports thespleen. 

Appendices Epiploicat. They are pedunculated pouches of peritoneum attached to 
ic colon and upper part of rectum, containing fat and form the characteristic features 
' the large intestine. 

eritoneal Recesses or Fossae: 

Duodenal Fossae: 

(1) Inferior duodenal fossa . It is situated opposite to die diird lumbar vertebra 
i the left of the ascending portion of duodenum. The fossa has its cavity looking 
pwards and passes behind the duodenum. This is bounded by a fold of peritoneum, 
ith a concave margin called the inferior duodenal fold. 

(2) Superior duodenal fossa. Its cavity looks downwards and is situated opposite 
ie second lumbar vertebra to the left of the ascending part of the duodenum. Be- 
ind it, is a cresentic fold of peritoneum, the superior duodenal fold. 

(3) Duodeno-jejunal fossa. It is bounded above by the pancreas, to the right by 
ie abdominal aorta, and to the left by the kidney and behind by the left renal vein. 
s cavity is directed downwards and to the right and admits the tip of the little 
nger. It may be absent altogether. 

(4) Paraduodenal recess. It is situated a little to the left of the ascending part of 
ie duodenum and is covered by a fold of peritoneum known as the paraduodenal 
•Id whose concave margin is directed to the right. The paraduodenal fold contains 
ie inferior mesenteric vein. 

(5) Retro-duodenal recess or fossa. It intervenes between the front of the abdo- 
linal aorta and the third part of the duodenum. It is the largest of the duodenal 
rcesses and it is inconstant in its presence. Its opening is directed downwards and 
>metimcs it is large enough to extend upto the duodeno-jejunal flexure. 


ubphrenlc intraperitoneal recesses: 

(<z) Right anterior intraperitoneal recess. This is the space between the anterior 
jrface of the right lobe of the liver and the diaphragm. It is bounded in front by the 
iaphragm and the anterior abdominal wall, behind by the anterior surface of right 
>be of the liver, superiorly by the superior layer of the coronary ligament; infcriorly 
bis space is open to the general peritoneal cavity; to the left by the falciform liga- 
ment and to the right it is continuous with the right posterior intraperitoneal compart- 
ment. 

(h) Right posterior intraperitoneal compartment. It is bounded in front by the 
nferior and the right surfaces of the liver, behind by the peritoneum covering the 
liaphragm and the anterior aspect of the right kidney, above by the inferior layer 
if the coronary ligament; below this space is continuous with the general peritoneal 
avity. 

. (e) Left anterior intraperitoneal compartment. It is bounded in front by the dia- 
jhragm and the anterior abdominal wall, behind by the anterior surface of the left 
obe of the liver; below and to the left this space is open to the general peritoneal 
:avity; to the right it is bounded by the falciform ligament. 

(d) Left posterior intraperitoneal compartment. Tins is the space formed by the 
esser sac of peritoneum and mainly lies behind the stomach. It communicates 
.vith the greater sac through the aditus to the lesser sac. 
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Gaccal recesses or fossae: 

(1) Superior ileo-eaecal recess. It is situated between the terminal part of fit 
ileum and the commencement of ascending colon. It is bounded in front by a fold 
of peritoneum, the vascular fold of the caecum or the superior ileo-caeca! fold, form'd 
by the anterior caeca! artery, behind by the mesentery proper, on the right side by 
the ascending colon and below by the terminal end of the ileum. 

{2) Inferior ileo-eaecal recess. It intervenes between the terminal portion of tic 
ileum and the caecum. It is bounded above by the terminal portion of the ileum 
and the mesentery, below and in front by the inferior ileo-caccal fold and behind by 
the upper part of the mesentery of the vermiform appendix. 

Caecal Fossa. It lies behind the caecum. It is bounded on the right side 
b> the caccal fold which extends from the lower part of the kidney to thotp*tilut 
fossa. Sometimes it may extend upwards behind the ascending colo^ifid nu> 
contain the vermiform appendix in rare cases. i 

Intersicmoid Fossa It is situated to the left of the pelvic colon between tic 
parietal peritoneum behind and the pelvic mesocolon in front. It lies in the interval 
between the psoas major and the iliacus muscles and on the external iliac vessels 
lim fossa varies in size, and is a constant feature in the foetus and infancy, and ten* 
to disappear in advanced age when it is represented by a dimple in the situation: 


FOLDS OF PERITONEUM IN THE PELVIS 


Rectovesical excavation. In case of male the peritoneal fold after covtrinj 
1 1 Jj° nt r and . 5 , °* tlle rectum is reflected on the superior surface of the urinary 

madder forming a deep recess or pouch known as the recto-vesical excavation and 
ttie peritoneal fold covering the same is known as the recto-vesical fold of peritoneum. 

Recto-uterine excavation. In females the peritoneal fold from the rectum 
isretlccted on the posterior wall of the vagina and then to the cervix uteri and th< 
oody ol the uterus forming a deep pouch or recess known as the rccto-uterine pouch 
or the pouch of Douglas. 


. excavation. From the junction of the anterior surface of 
the body or the uterus with its cervix the peritoneum is reflected on to the bladder 
lorming a shallower pouch, the utro-vesical pouch. 

nml Wt a ^r“ ent °f the u } tra . 3 ' Tfae fold or peritoneum that covers the front 
and lca ,Y e V h L e 5ldes of thc utcnu as a double fold of peritoneum 

,0 T th .y « de *wan of the pelvis as a broad fold known as the broad ligamri 
£tl-n, n rl C ° U ? e t0 f- he Slde -' va!1 ofthc P^vis it encloses the uterine tube, 
SSei. ? f ! he ut * rus ’ h S? ment of the ovary and the uterine and the ovanxi 
blood vessels in between its two layers. 

the e‘ n “? pIy ? f i th f. n'ritoneam (Sensory) : The peritoneum cove*! 

P 0 /." 0 ? “P 11 !' diaphragm is supplied by the phrenic nerve (C. 3, M 

the third^and^h st , ,mu ! at “ m !° ' h “ ar “> referredpantto the shoulder thr onS* 

ine third and the fourth cervical nervK i i - ny rmr: 


“ ““ s V mu, 1 au °n to this area causes referred p 
£* F ^, f ?- Urth ST’*?. 1 "f™ 3 (supraclaviculSTf 1 lie peritoneum UACriit? 

indSSSSiTn? ^h-° r hC diaphra e m 5s supP^d by the lower six intercostal nerve 
alontr the HUtrSInvt' thls . a J' ca . causes referred pains in the anterior abdominal voU 
H a |?o he ult . erc . ostal nen -’«- The rest of the parietal peritoneum 
The rfSKl SrSL hc °- W " suc .intercostal nerves and by thc first lumbar nerve, 
null in^ nr d ™£2 eUn \ ' S l T?' ,lv ? but tl« different mesenteries are sensitive V 
mtSsS SH S ?h” 8 is ar ?A W f aMy dcrive lhdr sensory fibres from the lower # 
inStfrc. lumbar nerv «- The greater and the lesser omenta ** 

rrcewi. ThfeollMilan^orniM *ite* °f absens formation, particularly the subphw jj 

asrcbonda^ Io “K td " in an V ° rth “ c ****** or itmayipTwW 

recwjct. ^ t ' c C&K3 “t'ntal hernia may occur into tome of these periu»«j 
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THE STOMACH 

The stomach is the most dilated part of the digestive tube and occupies a recess 
the abdominal cavity bounded on the right side by the under-surface of the liver, 
the left side by the undersurface of the diaphragm, behind by the posterior 
daminal wall and anteriorly by the posterior surface of the anterior abdominal 
ill. It lies opposite to the epigastric, left hypochondriac and part of the umbilical region 
the abdomen. It communicates above with the oesophagus and below with the 
st portion of the duodenum. 

Measurements: 

-Minimum length — 10 inches. 

Mhxtmum breadth — 4 inches. 

Maximum depth — 3$ inches. 

Capacity: 

It varies from 2fc to 2| pints (more in Indian subjects). 

Parts for examinations: 

(1) Two orifices — cardiac and pyloric. 

(2) Two curvatures — lesser and greater curvatures. 

(3) Two incisurae — incisura cardiaca and incisura angularb . 

(4) A fundus. *' ‘ 

h) A body.yS-" 

(6) A pyloric portion., 

(7) Two surfaces —antero-superior and poslero-inferior 


STRATIFIED EHTHEUUM TRANSITIONAL ZONE COLUMNAR EPITHELIUM 



MUSCULAR COAT Of OESOPHAGUS MUSCULAR COAT Of STOMACH 


Fig. 703. The histological structure of cardio-oesojthageal junction (Micro- 
_ photograph) slide sent by Dr. K. Banerj^c. Ph.D. 

Cardiac orifice. Tlur cardiac orifice is situated about I “to the left of the median 
ane, about 4” behind the left seventh costal cartilage and lies opposite the level of 
e body of the eleventh thoracic vertebra or opposite to the 9 th thoracic spine and is 
rectly continuous with the lower end of the oesophagus. The right margin of the 
sophagus forms a continuous line with the lesser curvature of the stomach while its 
ft margin joins with the greater curvature at an acute angle termed the cardiac 
i tch . It is related in front with the left lobe of the liver, behind with the 
iaphragm, to the right with the oesophageal branch of the left gastric artery and 
ith the fundus of the stomach to the left side. 
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Pjtoric orifice. The pyloric orifice lies about half an inch to the right eft 
median plane opposite the level of the first lumbar vertebra and communicates Kin 
the first poition of the duodenum. 

“A circular constriction on the external aspect known as the pyloric constrictkt 
maiks the situation of the pyloric sphincter. In the recent state the pyloric asulKj 
non is in du ret contact with the prepyloric vein that descends in front ofitamlidj 
as guide to its situation. It lies behind the quadrate lobe of the liver and In front S’- 
the nerk of the pancreas. 

Lesser , urvature. The lesser curvature of the stomach extends between tb 
raidiar and pyloric orifices and is a ‘J’-shaped border. It consists of vertical ad 
horizontal portions which meet at a point where it is marked by a deep notch, dr 
nicwini augulans which divides the stomach into right and left portions. Abaft' 
the \citical limb of the lesser curvature is continuous with the right border of the 
lower end of the oesophagus; it meets the left end or the horizontal part atthelncim 
angularis below. The horizontal part of the lesser curvature terminates at the pykrtj 
conduction on the right side and is continuous with the upper border of the£rt 
portion of the duodenum. . . —■ — 



c,m ’ aturc of die stomach is ovcrlappcd-by thelivcr.and gives attadr 

lods S rfghf anTE 

B “ , ar " ncs ' v,,h lh ' ,r accompanying winiTHriymphatiJ. 

Tl " S rea "r curvature or the stomach is abput-i-Ji® 1 

pyloffefe^i^^ 1 ?2S t, H£- nn -4J«S'>m the dSaScTSicEjS cndHuj 
Rfffthlsrssi; i 1 ' runs “pwmiCBsasMfarsnaTo the left 

y * S “ bc , l0 o V * h ' ■ i » l and lh '" runs downwards and to ® 
arch between a 5* . l S. U> .. rach ,hc “stal margin and crosses the cnM 

into the Dvlorir eo ha - tbe ^ ribs and finally passes across the abdomen to e n “ 
placed a Sl” to S ?";- In 11 n™ indentations, one to* 

on the left side or rho. nvU f 1Qe P 3 ? 31 ”" through the angular notch, and the odtf* 
a bulging which is directed constriction. In between these two indentations it for® 
the stomach dovvmvar l ds - T he greater curvature opposite the body * 

me stomach gives attachment to the greater omentum which connects it to & 
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n ns verse colon and lodges the anastomosis formed by' the right and left gastro- 
iiploic arteries, and opposite the fundus, it gives attachment to the gastro-splenic 
'ament which connect it with the spleen. 

Fundus. If a transverse line is passed across the lower end of thccardiac notch 
ie portion of the stomach lying above this line constitutes the fundus of the stomach. 

Pyloric portion. If a vertical line is passed through the angular notch, the portion 
T the stomach on its right side upto the pyloric constriction constitutes the pyloric 
ortion. It is divisible into pyloric antrum and pyloric canal by a notch on the 
-eater curvature situated in between the bulging and the pyloric constriction, 
he pyloric constriction just succeeds the pyloric canal. 

Body. The intervening portion of the stomach between the fundus and the 
yloric portion forms the body of the stomach. 

Antero-superior surface. The antero-superior surface of the stomach is more 
jnvex and is directed upwards and forwards. In most of the epigastric region it is 
vcrlappcd by the under-surface of the left lobe of the liver, and to a small extent, 
y the right lobe. In the left hypochondriac region, its upper portion is in relation 
•ith the ribs, intercostal spaces and the diaphragm and is overlapped by the pleural 
ivity and base of the left lung being separated by the diaphragm; lower down in the 
:ft hypochondriac region, it is not overlapped by any viscera and is in direct relation 
'ith the sixth, seventh, eighth and ninth ribs with the intercostal spaces and the 
iaphragm muscle. The area over which the antero-superior surface of the stomach 
in direct relation with the chest wall is known as the Traubts area. It is a triangular 
rca which is bounded abosr and to the right by the inferior border of the left lung, 
elow and to the right by the left costal margin and posteriorly and to the left by the 
plcen. Below and to the left in the epigastric and umbilical regions over a 
riangular area, the gastric triaigle, the antero-superior surface of the stomach comes 
ato direct relation with the posterior surface of the anterior abdominal wall. This 
astric triangle is bounded on the right side by the inferior border of the liver, on 
he left side by the cightlT and ninth costal cartilages and below by the transverse 
olon. When the stomach is empty the transverse colon rides over the lower part of 
he antero-superior surface of the stomach and thus may form an anterior relation to 
t. Opposite the fundus of the stomach the gastric surface of the spleen forms an 
.ddltional relation to this surface. 

Poslero-infcrior surface. The postcro-inferior surface of the stomach rests upon 
certain structures which form a shallow bed known as the stomach bed. The struc- 
ures of the stomach bed arc separated from the stomach by the lesser sac of the 
icritoneum. They are as follows; 

(1) Anterior surface of the pancreas. 

(21 Anterior layer of the transverse mesocolon. 

(3) Transverse colon (sometimes). 

(4) Anterior surface of the left kidney. 

(5) Anterior surface of the left suprarenal gland. 

(G) Splenic vessels, 

(7) Left crus of the diaphragm muscle. 

Peritoneal relation. The stomach is entirely covered by the peritoneum except 
along the greater and lesser curvatures and over a small triangular area behind the 
cardiac orifice where it is directly is contact with the diaphragm. The layer of 
peritoneum that covers the antero-superior surface is derived from the peritoneum 
of the greater sac while that covers the postero-inferior surface is derived from the 
peritoneum of the lesser sac. The peritoneum from the two surfaces of the stomach 
meet together both at the lesser as well as at the greater curvature. The double fold 
of peritoneum from the lesser curvature passes to the liver forming thehepato-gastric 
part of the lesser omentum. The double fold of peritoneum from the greater cur- 
vature forms the greater omentum, gastro-splenic and gastro-phrenic ligaments.- 4 --. 
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Ligaments of the stomach. (AH peritoneal). 

(1) Lesser omentum. It connects the lesser curvature of the stomach with ih ! 
porta hepatis and the fissure for the ligamentum venosum. It consists of tr 
layers containing the right and left gastric arteries, portal vein, bile duct and it 
hepatic artery in between its two layers. 

(2) Gastro-phrenic ligament. It is a double fold of peritoneum which Connect 
the cardiac end of the stomach on the left of the oesophagus with the left crus of di! 
diaphragm. 

(3) Gastro-splenie ligament. It connects the fundus of the stomach to the spies 
containing the short gastric and the left gastro-epiploic vessels in between itstw 
layers. 

(4) Greater omentum (gastro-colic). It connects the greater curvature of tie 
stomach with the transverse colon containing in between its two layers the right is! 
left gastro-epiploic arteries (All the ligaments of the stomach arc peritoneal in origin) 


Artery supply of the stomach : 

0) Right gastric branch of the hepatic artery. 

gastro-epiploic branch of the gastro-duodenal. 

V") an d left gastro-epiploic branches of the splenic artery, 

i ( 4 ) Le« gastric branch of the coeliac artery. 

Lymphatics of the stomach. The lymphatics of the stomach consist of three 
main sets of lymphatic plexuses— sub-mucous, muscular and subserous, wfud 
™ c r CCtC , d t0 - ?. ch ? thcr b >' vessels. The origin and arrangement ofth« 

iymph vessels within the stomach are as follows: 

,.,P e lymphatics or the stomach begin as blind sub-epithelial lymphatic rd& 
which unite into a fine periglandular lymphatic plexus. From the periglandular pl«a 
S;® * Fwwe the muscularis mucosa and join the sub-mucous lymphatic ptf, 
Prot ? "'hich through the muscular coat, anastomose freely to fa 
f plexus f rom whcrc Jyrapb vessels come out of the muscuhr 

ri°. 0,n , Wfh thc Mkmw lymphatic plexus. Collecting vessels from the sub-s«°* 
lynpteitieplexus accompany the arteries of the stomach and arc distributed to fa 
corresponding group of lymph nodes in the following ways : 

receive^ Iyn ?P halia foHow the course of the left gastric artery and thff 

c ? midcrable areas on both thc surfaces of the stoned 
and terminate in the left gastric group of lymph nodes. 

whicifli^T, P# 1 tbc fundus of th ' sumach and thc part of the bodf 

!? ™ _5, e left ?‘ dc of a lmc drawn vertically downwards from the cardiac erf! 
artariM a . cc °mpa n ymg the short gastric and the left gastro-epfp^ 
arter es they terminate in the pancrradco-splenic group of lymph node?. 

m-lorir rndTni^ ph VCSSC,S . drai ” th « ri 8 ht P a « ° r the greater curvature upto £ 
right ^^"? n w“^ anyin r S , thc "S ht gastro-epiploic artery they end into * 

!omJSij^Hih V IH?U l i a ' dnl ' ni<,e - h , c Py !or ' c portion part into three direction!' 
S’SySph nUg'”"'’ “ mc m0t ,hc lrft 8=“'™ “d the tot with the heps» 

nod J 1 " '' rcr " 1 ' 5 rrom «" theM nodes go to the coeliac group of preaortic M 4 

“ it! c " d ’ continuous with * 

lymphatics of the d„ivl ^us hut at the pyloric end they rarely communicate W 4 

ifSrISmuS presence of the connective lissue.eptf; 
muscle fibres and hr r the Pylonc spluncter, absence of continuity of the eiroih 
‘" J .'PPi°S of the longitudinal muscle fibres. The lymphatics J 
stomach are provided sv,th valves and thc flow of thc lymph passes from the M 
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■art of the stomach towards the greater curvature and from the right part of the 
tomach towards the lesser curvature. 

Nerve supply. .The nerves of the stomach are derived from coeliac plexus of 
ympathetics and from both the vagus nerves. The fibres from the vagus nerve supply 
ecreto-motor fibres to the gastric glands, motor fibres to its musculature but in- 
libitory fibres to the pyloric sphincter which receives its motor fibres- from the 
ympathetics. JThe sympathetic fibres supplying the stomach are derived From the 
ixth, seventh, eighth and ninth thoracic segments of the spinal cord and are in- 
libitory in function except in case of pyloric and cardiac sphincters where it is accela* 
ary in function. Pains arising out from the stomach have the same segmental 
listribution on the skin through the intercostal nerves, i.e., the pain is distributed 
.long the sixth, seventh, eighth and ninth intercostal nerves. 

Structure of the stomach. Structurally the stomach consists of serous, 
ub-serous, muscular, sub-mucous and mucous coats. 

The serous coat is formed by the peritoneum and it covers the stomach everywhere 
accept the greater and the lesser curvatures, and a small area over the postero- 
nferior surface of the stomach close to its cardiac end. 

In the sub-serous layer there lies the prepyloric vein in front of the pylorus. 

The muscular coat of the stomach is formed by plain or non-striated muscle 
ibres and consists of outer longitudinal, inner oblique and an intermediate circular 
ibres. The longitudinal fibres are continuous above with the longitudinal fibres 
>f the oesophagus, and inferiorly, majority of them join in the pyloric sphincter and 
i few only are' continuous with the longitudinal fibres of the duodenum. The 
drcular fibres line the inner aspect of the longitudinal fibres and they are specially 
hickened opposite the pyloric constriction to form the pyloric sphincter. The circular 
ibres of the stomach are continuous with the circular fibres of the oesophagus 
jut they are not continu ous with T h e circular fibres o f the di iod emimTrem_which 
:hey are separated by a b^^ rconnectlve tlssu'e septum. The oblique fibres lie 
internal' to the cWular fibres an^tbnnTT^shaped loop round the fundus and the body. 


fundus 
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Mucous fluid. The mucous secreted by the cardiac and the pyloric glands pre- 
vent autodigestion of the stomach. 

Absorption. Small quantities of water, glucose, alcohol and some drugs, such 
as quinine, are absorbed from the mucous membrane of the stomach. 

Elimination, Some toxins (toxins in uraemia) and some alkaloids, such as 
morphine, are eliminated through the mucous membrane of the stomach (that is 
the reason why the stomach- wash is done as a routine procedure in opium poisoning). 

Hormonal functions. The mucous membrane of the pyloric portion secretes 
(1) a hormone-like substance known as the gastrin which acts as a stimulant for the 
second phase of gastric secretion. (2) The gastric juice contains an unknown 
factor known as the castles intrinsic factor which combines with the extrinsic factor 
present in the food to form the kaematinic principle concerned in haemopoisis. 

Protective reflex function. Irritation of the stomach causes salivation 
(through gastro-salivary reflex) . Thus large quantities of saliva may be swallowed 
which help in reducing the irritation. 

Secretory reflex function. The presence of food in the stomach reflexly 
stimulates pancreatic secretion. 

The gastro-ilial and the gastro-colic reflex functions. These are passage- 
clearing reflexes through which about an hour after ingestion of food, there is 
increased peristalsis of the distal ileum and there is mass peristalsis of the large 
intestine. 

Movements of the stomach. The movements of the stomach are dependent 
on the contraction of its muscular wall and on the movement of respiration and 
are called intrinsic and extrinsic movements respectively. 

Intrinsic movements. The intrinsic movements of the stomach depend on the 
internal state of the stomach and vary in empty condition and after a meal. 

In empty condition. The stomach is seen to possess two types of movements, 
tonus rhythm and hunger contractions. In tonus rhythm there is rhythmic variation 
of tone in a given time whereas in hunger contractions strong contractions involving 
the whole stomach occur at intervals. Such contractions usually last for about 30 
seconds. 

After a meal. As observed after a barium meal under the X-rays, the stomach 
is seen to possess three types of intrinsic movements, the peristaltic movement, tonic 
contraction and active relaxation. The right and the left halves of the stomach 
behave differently in their movements; whereas the body and the fundus show tonic 
contractions, the pyloric portion shows peristaltic movement which starts as a contric- 
tion wave at the region -of the indsura angularis and then proceed towards the 
pylorus and recur at the 'rate of 3 or 4 contraction-waves in a minute. It may 
also show active relaxation in which the whole stomach is involved. 

Extrinsic movement. It is a concertina-like movement in which the fundus is 
depressed whereas the pyloric portion is raised with each respiratory movement. 

Eeielopment.-^dlhc stomach develops from the fore-gut as a continuation of 
the oesophagus. It forms a localised fusiform dilatation beyond which the fore-gut 
opens into the yolk sac. Later on, the opening of communication to the yolk sac 
becomes narrower and narrower in the median plane and remains attached to the 
posterior wall by dorsal mesogastrium. Then its left 'margin rapidly increases to 
form the fundus-and the greater curvature, and in the meantime, the liver formed 
from the duodenal diverticulum, pushes the stomach to the leftside and this results in 
rotation of the stomach to the right and consequently the duodenum come* to He on 
the posterior abdominal wall. _ __ 
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Radiology. Normally the stomach is transparent to the X-rays but it can 
be made visible after ingestion of a radio-opaque meal such as the aqueous suspension 
of barium sulphate. After a radio-opaque meal the passage of the meal through the 
stomach can be directly visualized through fluoroscopy (looking through the X-ray 
screen) and it can also be palpated to determine its internal condition. A series of 
X-ray-photographs may also be taken to determine the form, filling, emptying 
and movements of the stomach. 

Form of the stomach . Depending on the positions of the orifices and the borders 
of the stomach the radiological form of the stomach varies from individual to 
individual and in the same Individual in different postures of the body. The 
oeosophageal orifice is stationary because it is more or less fixed by the diaphragm. 
The position of the greater curvature of the stomach varies greatly from individual 
to individual in normal persons and it also varies in the same individual in different 
postures of the body. Thus in erect posture it occupies a level which varies between 
first lumbar and first sacral vertebrae and when supine, between twelfth thoracic 
and fifth lumbar vertebrae. On an average the normal stomach is ‘J’-shapcd with the 
angular notch lying on the same level with the iliac crests. In hyposthenic subjects 
the angular notch may be placed much below the above level — long ‘J’-shaped. In 
hy persihenic subjects it may be of short ‘J’-shaped form with the angular notch lying above 
the level of the iliac crests. In some individuals it may occupy a high horizontal 
position giving rise to the ‘steerhom' type of stomach . In each case the fundus is filled 
up with gas giving a black shadow in contrast to the white shadow of the 
barium meal. 

Filling and emptying. Normally the stomach is filled-up quickly with the ingestion 
of the meal. Depending on the nature of the food it takes about two to four hours 
in emptying. 

THE LIVER 


The liver is the largest gland in the body and is much larger in infants than in 
adults. It is reddish-brown in colour and roughly lriangular'-in shape with the 
apex directed to the Ie£i/and its base to the right ride. It is soft and pliant to the 
touch and is of friable consistence. ^ ^ 

Situation. It occupies the whole of the right hypochondriac region, and the 
greater part of the epigastrip region. Sometimes it may even extend to the left hypo* 
chondriac region. 

Size and weight. In male the liver is slightly larger and weighs a little more 
than tliat in the female. In infants, it constitutes about one-eighteenth of the body 
weight, while in adults, it weighs about one thirty-sixth of the body weight. 


An lero-pos tenor 
Vertical 
Transverse 
Weight 


6 inches. 

6-7 inches. 'S 
$ inches, y/* 

13-3J lbs. in males. 

(2J to 3 lbs. in females. 


Parts for examinations. It consists of five surfaces and four lobes. The surfaces 
are ar.tcriqry posterior, syPsrior, inferior and right. It consists mainly of two lobes — 
and lefl but ih (fright jobe is further subdivided into quadra te and caudate lobes* 

Except the inferior margin, which is sharp anefprominent amTwhich separates 
the inferior surface from the anterior and right surfaces, there is no clear-cut demar- 
cation of the surfaces which are continuous with one another by rounded borders. 
When the surface anatomy -of the liver is undertaken its general form is taken into 
consideration and it is outlined by three margins, namely, superior, i nferior and 
ri ght margins. 

Although it is customary to describe five surfaces, properly speaking, it lias only 
wo surfaces, namely, perietal and visceral. 
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The PARIETAL SURFACE is moulded into the concavity of the diaphragtr 
and according to the position it occupies the parietal surface may be divided intc 
superior, anterior, posterior and right surfaces. 

The superior surface fits under the vault of the diaphragm and is saddle-shaped 
being convex on each side and concave in the middle. This concavity on the 
superior surface is known as the cardiac^jmpression which is separated from the dia- 
phragmatic surface of the heart by the diaphragm and the pericardium. On each 
side, the superior surface is separated from the base of the corresponding lung by the 
diaphragm and the pleura 

The anterior surface -Hi more extensive and is triangular in form. On the righl 
side the intervening diaphragm separates this surface from sijth to the tgntfiribs'anc 
the parietal pleura, and on the left side, From the seven ) tjuand eightfrrib cartilages. 
Opposite the median plane, it is related to the back of the xipgpld precess, and 
below the infracostal angle, 'the anterior surface is related to the posterior surface ol 
the anterior abdominal wall.v* * ^ 

The right surface is divided into upper, middle and lower-thirds. The interven- 
ing diaphragm separates the upper-third, from the right lung and pleura, the middle- 
third, from the costo-diaphragmatic racess of the pleura and the lower-third, from the 
costal arches v It lies 'against the se vent h to the eleventh ribs being separated from 



Fig. 706. The liver (seen from the front). (Diagrammatic). 


The posterior surface is large and is mostly nan-peritoneal . The large triangular 
non-peritoneal area on this surface is known as the ' parearea of the liver ' where the 
liver is adherent to the diaphragm by loose arcolaPrissITe. The groove for the 
infe rior ven a cava containing the inferior vena "cava forms the base of this , area 
while the apex is formed by the ri ght triapg-ular-.ligam:en^— frr'S separated* liver, 
within the inferior vena cava, there are the openings of the kapaik veins. On the 
right side of the lower part of the groove for the inferior vena cava is a triangular 
depression for the right s uprarenal gl and (suprarenal area). The right crus of 
the diaphragm, the aordc' opening in the diaphragm together with the descending 
aorta and the right phrenic artery come into intimate relation with this surface. 

' Inferior or visceral surface of the liver. The inferior or viscera! surface of the liver 
occupies both the right and the left lobes of the liver and comes into intimate relation 
with the a djacent vis cera. The inferior surface of the left lobe forms asKallow, wide 
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groove which is in relation to the antero-superior surface of the stomach (gastric area). 
On the right side of the gastric impression and opposite the left end of the porta 
hcpatis is a rounded elevation known as the omental tuberosity which sepa rates the 
lesser curvature of the stomach from the po rta hepatis . The q uadi ate lobe comes 
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Fig. 707. The inferior surface of the liver. 




■COUC IMPRESSION 


into relation with the pjJaiic_pQjliaa_of the stomach and the first portion of the 
dumi^rmuv On the right side of the quadrate lobe it is in relation to the superior 
surface of the gall bladder and constitutes the fossa for the g all bladder . Above and 
to the right of the fos*a for the gall bladder it is 'in relation to the second portion of 
the duodenum ( duodenal area). On the right side of the duodenal area the duress ed 
area below is for the l eft colic flexure ( colic area). To the right of the duodenal 
impression the hollowed out impression* is for the anterior surface of the right kidney 
(renal area). A portion or the right suprarenal gland (suprarenal area) comes into 
relation with the inferior surface immediately above the renal impression. The 
porta hepatis w hich is a deep transverse fissure on the inferior surface of the right lobe, 
TTauMuitTTnc. hepatic ducts, hepatic arteries and the branches of the portal vein in 
order from before backwards. The vertical deep fissure which separates the left 
lobe from the right lobe on the inferior surface, lodges the ligamentum tenosum pos- 
teriorly and the ligamentum teres anteriorly. On the left side this fissure joins the 
porta hcpatis at a right an gle,. 

Lobes of the -liver. Anatomically the liver consists of right and left lobes. 

The right lobe constitutes 'about I of the whole liver and contributes to form 
all it$ surfaces in parts (right surface wholly). The attachment of.theJUldlbpn 
ligament on the anterior -and svspcrior,suxfatca,dcmarcatcs the right from the left 
lobe of the liver, and inferiorly, the long vertical fissure caused by the ligamentum 
teres, tt senosum separates the right from the left lobe of the liver. The deep 
transverse fissure on the inferior surface, the porta hcpatis, further subdivides the 
right lobe into caudate and quadrate lobc>. *The caudate lobe lies posterior to the 
porta hepatis whereas the quadrate lobejlics anterior toTt. Occasionally, part'* 
cularly in ladies, a tongue-shaped process known as the tie del lobe, is seen to prdjcct 
downwards from the inferior border of the right lobe on the right side of the gall 
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INFERIOR HEMIAZYGOS VEIN 


A transverse section of the abdomen opposite the tenth 
inter-vertebral disc. With kind permission from : Lederle 
Laboratories Ltd. Drawn by Mr. Paul Peck. [To face page 861 J 
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Physiologically and developmenlaUy the liver is also subdivided into right and left 
lobes and the demarcation between the two is represented by an oblique line that 
passes upwards and to the left through the middle of the caudate lobe and the fossa 
For the gall bladder on the visceral surface of the liver. On the antero-superior 
surface a straight line that passes upwards from the apex of the gall bladder-notch 
to the point of junction between the left hepatic vein and the inferior vena cava, 
demarcates the two lobes; Each of thesHorrm-a-functional lobe having one main 
biliary duct, that is, the hepatic duct, and has its own independent blood supply, 
the right lobe receives the right hepatic artery and the right branch of the portal 
vein and the left one receives the left hepatic artery and the left branch of the 
portal vein. 

The CAUDATE LOBE is a rectangular projection of liver substance on the 
posterior part of the inferior surface of the liver with a tailing to the right from its 
right antero-inferior "angbt It is interposed between the groove for the infeffor 
vena cavaTmthc right side and the fissure for the ligamentunKfenosum on the left 
side and is separated from the quadfarfe lobe by the porta hepatis. Its tailing to 
the.right from its right antero-inferior angle forms a narrow elevation known as the 
caudalt-procesSy which connects it with the rest of the inferior surface of the right 
lobe of the liver. The caudate process separates the right part of the porta hepatis 
from the groove for the inferior vena cava. The left anterior-inferior angle^of thfe 
caudate lobe fonfts a small rounded projection known as the papillary process. 

The QUADRATE LOBE is quadrilateral in shape and is bounded in front by 
the ipferior margin of the liver; behind by theT portaJ icrTatis, on the right by the fossa 
for the gall bladder and on the left by the fissure for the ligamentum teres^ The 
quadrate lobe is in relation to the pyloric portion of the stomach. 

The left lobe of the liver is much smaller than the right lobe and constitutes 
abou t \ o f the whole liver. It is thinned out and flattened and comes to the formation 
of superior, inferior, anterior and posterior surfaces^ 

During the earlier part of development both the hepatic diverticula are of 
equal size but with the progress of development the left lobe becomes gradually 
smaller. In infancy the size of the left lobe is proportionately greater than that 
in the adul^. The reduction in size of the left lobe is considered to be due t o propor - 
tio nat e rtditrimn in blood svp fbr . — During foetal life blood from the left umbilical 
vein is by -passed into 1 llifeTnlerior vena cava through the ductus venosus and that 
the portal vein joins the umbilical vein at -an angle _ and these factors attribute to 
diminished blood supply to the left lobe which is inconsistent with the demand 
required by its size and thus the left lobe becomes smalle r. In the adult too the 
left branch of the portal vein is seen to arise pt an angle more acute than the right 
branch. 

Nonperitoneal areas of the liver. The liver is everywhere covered by 
peritoneum except the porta hepa tis, the fissure for the ligamenturn teres ana 
venosum, the fossa for thrall bladder, fhe groove for thVTnferior vena cava, the bare 
area of the live? and opposite to the line of attachments of the falciiprm, right 
and left triangular ligaments. < ' t/" 

Bare area of the liver. The bare area of the liver is a large triangular area on 
the posterior surface of the right lobe of the liver and is devoid of peritoneal covering. 

It is in this area that the liver is dierectly connected to the under-surface of the 
diaphragm and they are bound together by loose connective tissue. 

It lies in between the two layers of the coronary ligaments and is triangular in 
shape. Its base is formed by the groove for tKeri nfer ior vena cava and theapex by 
the right tria ngular ligament. Its superior margin is formed by the superior" layer 
of the coronatyTigament while its inferior margin is formed by the inferior layer of 
the coronary ligament. The portal vein and the systemic veins communicate in this area. 

Porta hepatis. The porta hepatis is the deep transverse fissure on the inferior 
surface of the right lobe of the liver through which the excretory ducts of the liver 
(right and left hepatic ducts) leave and the portal vein and the hepatic arteries enter 
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the substance of the liver. It extends from the neck of the gall bladder to the fissure 
for the ligamentum teres and measures about 2 inches in length . 

The porta hepatis, which grooves transversely in the inferior surface of the right 
lobe of the liver, subdivides the right lobe into caudate and quadrate lobes. 

Boundary. The porta hepatis is bounded in front by the quadrate lobe, behind 
by the caudate lobe, on the left side by the fissure for 'the ligamentum term et 
venosum, and on the right side by neck of the gall bladder. 

Relations. The porta hepatis is related to the lesser curvature of the stomach 
at its left extremity but is separated from the same by the tuber omentale and the 
fissure for the ligamentum teres et venosum. At its right extremity it is related to 
the neck of the gall bladder and the first portion of the duodenum. Posteriorly its 
right edge is separated from the inferior vena cava by the caudate process. The 
•two lips or margins of the porta hepatis is connected with the lesser curvature of , 
the stomach and the first portion or the duodenum by -the lesser omentum. The 
lesser omentum being attached to its margins, the bottom of the porta hepatis is devoid 
of peritoneal covering. - 

Structure in the porta hepatis. The structures in the porta hepatis may conveniently 
be divided into (1) Structures pertaining to the liver and (2) the structures pertaining to the 
gall bladder. 

(1) Structures pertaining to the liver: 

{a) Right and left hepatic ducts. 

(6) Right and left branches of the hepatic artery together with the hepatic 
plexus of nerves. 

(c) Right and left branches of the portal vein. 

(d) Paraumbilical vein.V^ 

(2) Structures perlatntng to (he gall bladder: 

’ (a) Cystic duct. *•— ' 

(61 Cystic artery. 

(c) Cystic vein. 

Relations of the structures in porta hepatis. The right and the left hepatic ducts 
emerge out of the corresponding lobe of the liver and appear at the anterior part of 
the porta hepatis close to its right edge and soon unite to form the common hepatic 
duct. The portal vein reaches the posterior part of the right end of the porta hepatis 
and divides into a long, left, and a short, right branch which enter into the corres- 
ponding lobe of the liver. The cystic icui accompanies the cystic duct and opens into 
the right lobe of the liver. -“The paraumbilical cent accompanies the ligamentum teres 
and opens into the anterior part of the left branch of the portal vein before it enters 
the left lobe. At the left end of the porta hepatis the left branch of the porta! vein 
is joined by two fibrous bands, the ligamentum teres (obliterated umbilical vein) 
in fronts and the Ligamentum venosum (ducts vcnous,v>h'wh connect it with the, . 
inferior vena cava in foetal life) behind. The right and the left branches of the hepatic 
artery enter the corresponding lobe of the liver and intervene between' the hepatic ducts 
in front and the two branches of the portal vein behind. The cystic artery arises from the 
right hepatic artery within the porta hepatis and passes beneath the neck of the gall 
bladder and the liver where it divides into superficial and deep branches. At the 
right edge of the porta hepatis the cystic duet begins as a direct continuation of 
the neck of the gall bladder and passes backwards and to the left to join with the 
common hepatic duct to form the cqrjmon bile duct within in a short distance from _ 
the porta hepatis. 

The hepatic arteries, the hepatic ducts and’ the two. branches of the portal Vein, 
as they are traced within the liver, are found to be enveloped' by a. thin areolar 
membrane known as the hepato-billary capsule or the glisson's capsule. 

Ligaments of the liver. The ligaments of the liver consist of (1) peritoneal ' 
ligaments, and (2) fibrous bands which are embryonic remnants of the foetal circula- 1 
tion in the liver. • 
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(t) Peritoneal ligaments: {a^fakiform ligament. It is a short traingular fold 
of peritoneum consisting of two layers and connecting the anterior and the superior 
surfaces of the liver with the diaphragm and the anterior abdominal wall. It 
separates the right from the left lobe of the liver anteriorly. 

(£) Coronary ligament, (superior and inferior layers). Tire superior layer of the 
coronary ligament is reflected to the upper and posterior surfaces of the liver from the 
diaphragm and is continuous with the right layer of the falciform ligament and 
covers the posterior part of the superior and superior part of the posterior surfaces 
and finally at the right side it is continuous with the anterior layer of the right 
triangular ligament, The inferior layer, of. the. , coronary ligament is continuous 
with the posterior layer of the right t riangular l igament and passes horizontally along 
with the lower limit of the posterior surface ol the right lobe below the lower end of 
the groove for the inferior vena cava and is then reflected to the right kidney to form 
the hepato-renal ligament. At its left extremity it is continuous with the peritoneal 
reflection at the right margin of the caudate lobe. The two layers of coronary liga- 
ment, as they diverge from the right triangular ligament, enclose the bare area of 
the liver. 

(r) Right triangular ligamenjy^ It is formed by the fusion of the two layers of the 
coronary ligament opposite the upper part of the. right surface and connects the liver 
with the diaphragm., 

(d) Ixft triangular ligament.\/T he left layer of the falciform ligament covers both 

aspects of the left lobe and opposite to the left extremity of the left lobe, the two 
layers arc fused together to form the left triangular ligament which connects the liver 
with the diaphragm. •— — *■ 

(e) Hebato-gastric and hepato-duodenal ligaments jy^Lcsscr omentum). This is a 
double fold of peritoneum extending from the margins of the porta hepatis and the 
fissure for the Hgamentum venosum to the lesser curvature of the stomach and to the 
upper border of the first portion ofthc duodenum. 

(/) Hepato-renal ligaments'll is formed by that fold of peritoneum which extends 
from the inferior layer of the coronary ligament to the front of the right suprarenal 
gland and the right kidney. 

(2) Fibrous ligaments of the liver: The fibrous ligaments of the liver are 
developmental vestigeal structures and consist of ligamentum teres and Hgamentum 
venosum. (a) Ligamentum Teres. In foetal life the left umbilical vein joins with 
the left branch of the portal vein, and after birth, with the c^saliorvof the foetal 
circulation it becomes oblitaratcd, and later on, forms the ligamentum teres which 
connects the liver with the anterior abdominal wall and is contained in the fissure 
for the ligamentum teres. 

(b) Ligamentum renosum. This is the fibrous remnant of the ductus venosus, p 
large vein which carries blood from the left branch of the porta! vein to the inferior 
vena cava in foetal life. It occupies the fissure for the ligamentum venosum. 

The other vestigeal structure in connection with the liver is a fibrous band, 
formerly known as the fibrous appendix of the liner, and is situated at the left end of the 
left lobe of the liver. It represent the fibrous remnant of the more extensive left 
| lobe of foetal life, • 

! Circulation or blood in the liver. The liver receives oxygeneted blood 
from the right and left branches of the hepatic artery and (2) de-oxygenated blood 
carrying product of digestion from the right and left branches of the portal vein, 
i Both the hepatic artery* and the portal vein break up into minute branches within 
‘ the liver and are accompanied by the brandies of the hepatic duct. All these 
structures, as they bore into the substance of liver are accompanied by the hepato- 
l biliary capsule and therefore are embeded in a connective tissue stroma. At the 
periphery of each liver lobule the minute branches of the portal vein are arranged 
, in a plexiform network known as the interlobular plexus and to it the branches of the 
| hepatic artery also join and the plexus is also accompanied by the minute branches 
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of the hepatic duct known as biliary ductuU^tht interlobular space together With 
the connective tissue stroma into which arc embedded the interlobular plexus- 
(formed by the minute branches of the portal vein and the hepatic artery) and the 
biliary ductule at the periphery of the lobule constitute the portal canal. Sinusoidal 
blood vessels from the intcrlpbular plexus pass towards the centre of each lobule 
between two plates or laminae of hepatic cells (each plate being made up of single 
layer of hepatic cel ls) and drain into the central vein. The central veins from different 
lobules unite to form an intercalated vein (sub-lobular vein). The intercalated 
(sub-lobular) veins unite to form a collecting vein and the latter unite to form 2 or 3 
hepatic veins, right, left and middle, which drain into inferior vena cava. 

Section of the liver. A section of the liver presents the following differences 
between the portal and the hepatic veins. 


Portal van 

Hepatic vein 

Each branch of the portal vein is accom- 
panied by a branch of the hepatic artery 
and a bile duct, ail of which are surround- 
ed by a capsule. 

Are solitary veins and have no capsule. 

V 

Have stout walls. 

Have delicate walls. 

The walls of the vein are apposed to each 
other. 

The walls of the vein being to the 
liver substance, the lumen of the vein 
is seen to be wide open. 


Yjfability or the supports of the liver. Although the liver is about 3-4 lbs. 
in weight it docs not fall down became of the following supports. 

(1) Hepatic veins connect the liver with the inferior vena cava (most effective 
support) and support the posterior heavier part of the liver and the latter cannot fall 
down until the inferior vena cava is elongated. 

(2) Ligamcntitm teres. 1 Support the the anterior part 

(3) Left triangular ligament. J of the liver from falling down. 

(4) Support from below by the stomach and 
the hepatic flexure. 

V^Vascular supply of the liver. The liver gets its nutrition from two sources, 
from the hepatic artery and from the portal vein. The hepatic veins drain the liver 
to the inferior vena cava. 

\j/*Nerve supply of the liver. It is supplied by the vagus nerves and by the 
hepatic plexus of sympathetic which derives its fibres from the seve nth, ei ghth a nd 
ninth segments of the spinal cord. ’ ' 

Lymphatics the liver. Lymphatics draining the liver consist of superficial 
and deep lymph icssels. 

The SUPERFICIAL LYMPH VESSELS lie beneath the peritoneum and 
have wide field or distribution. They may be subdivided into following sub-groups. 
(1) Lymphatic* draining the adjoining portion of ike falciform ligament. Lym- 
J phatics draining the adjoining portion of the falciform ligament pass through this : 
ligament and then piercing the diaphragm they end in the anterior group of stifir i, 'i 
p hra®t mlicJymt>h nodes. _ . 

. (2) Lymphatics draining the left lobe. Lymphatics from the upper part of V 
, parietal surface of the left lobe pass through the left triangular ligament and end in j 
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the peri-oesophageal lymph nodes. Efferents from these lymph nodes terminate 
3n the coeliac group of lymph nodes. Lymphatics from the anterior part of the 
parietal and from the inferior or visceral surfaces terminate in the hepatic group of 
lymph nodes. 

(3) Lymphatics draining Ike right lobe. Those from the right surface and from 
the adjoining portion of the anterior surface pass through the right triangular liga- 
ment and piercing the diaphragm they end in the middle group of supra-diaphragmatic 
lymph nedts. 

Those from the posterior surface pierce the diaphragm and terminate in vena 
caval group of diaphragmatic lymph nodes in the thorax. Lymphatics draining the 
superior, anterior and inferior surfaces of the right lobe end in the hepatic group of 
lymph nodes. 

The deep lymph vessels drain the interior of the liver and they accom- 
pany the branches of the portal and the hepatic veins. Those accompanying 
the portal vein emerge at the porta hepatis and terminate in the hepatic nodes. 
Those accompanying the hepatic veins follow the inferior vena cava to the thorax 
where they end in the caval group of the diaphragmatic lymph nodes. 


Histological structure. The liver is surrounded by a connective tissue capsule 
which is lined externally, in most of its parts, by a serous lining, the peritoneum. 
The smallest structural unit of the liver is a hepatic lobule . Each hepatic lobule 
appears as a polygonal prism measuring about 0.7 to 2 mm. in diameter. Surround- 
ing each lobule (in man) is a poorly developed connective tissue stroma which forms 
the perivascular fibrous capsule into which are embedded the branches of portal vein, 
hepatic artery and a biliary ductule. The perilobular connective tissue stroma 
together with the vascular channels (portal vein and hepatic artery) and the biliary 
ductule constitutes the portal canal. From the portal canal sinusoidal blood vessels 
formed by the union of a 
branch from the portal vein poktai canm. 

and a branch from the hepa- 
tic artery enter, in scries, 
into each hepatic lobule be- 
tween the plates of hepatic 
cells and finally drain into 
the central vein within the 
centre of each lobule. The 
contiguous parts of three 
adjacent hepatic tubules 
. which meet at the portal 
f canal are drained by a 
| common biliary ductule 
constituting a portal lobule 
( and is represented by a 
! triangle formed by the lines 
I joining the central veins of 
j these lobules. 

} Hepatic lobule. Each 
hepatic lobule consists of a 
, central vein , irregularly radiating 
plaits of hepatic cells consisting 
' of a single layer of cells, 

■ sinusoidal blood vessels which run between two plates of hepatic cells, a system of 
hifaty canaliculi, a limiting plate of liver cells around the central vein and another 
1 - ' *nd tire lobule in the region of the portal canal and another around the surfaces 
i t 'e liver. 

' Each hepatic plate is made up ofa single layer of polygonal liver cells which radiate 

from the central vein to the periphery of the lobule; the plates are usually irregular 



Fig. 708. The low power view of the histological 
structure of the liver. (Diagrammatic). 
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and they branch and communicate with adjacent plates or obules. In the space 
between two plates of hepatic cells, the hepatic lacuna:, there lies the hepatic sinusoid 
which drains into the central vein after piercing the limiting plate around it. There 

is a potential space between the hepatic plate and the hepatic sinusoid and is called 

the space of Disse which is continuous with another potential space around the blood 
vessels and biliary ductule at the periphery of each lobule known as the space of Mai! . 
In this space the lymphatics of the liver begin as a blind radicle. 

Each hepatic cell is a large polygonal cell having six or more surfaces. It contains ' 
a vesicular nucleus with one or more nuclei and a few chromatin dots. Depending 
on the nature of the diet consumed by an individual, die cytoplasm of the hepatic 
ceil shows variations in its fat, protein and glycogen content. . The protein content >’ 
of the cell is a ribonucleic acid which shows intense basophilic reaction. It also 
contains mitochondria, cytocentrum and Golgi apparatus like other cells. 

The hepatic sinusoid is a large irregular vessel which is contained in the hepatic 
lacunae between two hepatic plates and drains its blood into the central vein; the 
sinusoidal vessel may branch and may communicate with the adjacent sinusoid by 
piercing the hepatic plates. Each is formed by a branch from the interlobular ' 
branch of the portal vein and is joined with branches from the hepatic arteries; 
the radicle of the intcriobular branch of the poriai vein which enters into the \cAmit ■ 
by piercing the limiting plate of hepatic cells around die periphery of the lobule is ’ 



Fig. 709. T)ie territory of the hepatic veins. Note the position of the principal plane 
which indicates the line of demarcation between the right and the IcTt lobes. The 
dotted lines on the right and the left lobes indicate the possible lines of limited 
reflection of the liver. 

known as the inlet venule. The lining of die hepatic sinusoid forms a continuous 
sheet formed by two main types of cells, die un-difFercntiated lining cells, and the 
phagocytic stellate cells of Von KupfTer, connected together by numerous inter- 
mediate forms of cells. 

The biliary canaticuli lie between opposing surfaces of the liver cells except 
opposite the sinusoidal vessels and converge towards the portal canal where they 
unite to form a biliary ductule. 

Development. The liver is cntodermal in origin and develops from the ; 
ventral diverticulum of the duodenum. In early embryonic life growth is not j 
uniform in the diverticulum (ventral diverticulum) which soon bifurcates into two i 
processes which are hollow processes in die beginning but soon they form solid masses, • ' 
the hepatic cylinders which invade the undcr-surface of the septum tramversum j 
Later on, the two hepatic cylinders which ultimately form the right and left lobes o 
s the hver, fuse together with the mesenchymal stroma embedded in it and later on. 
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the liver b fully formed. The stalk of the ventral duodenal diverticulum forms the 
bile duct and from it solid cell outgrowth comes out which later on becomes hollowed 
and forms the gall bladder and the cystic duct, the stroma being formed by septum 
transversum. 


CAUDATf BRANCH fROM RIGHT HtfATK DUCT 



Segmental Anatom)- of the liver. By injecting different aqueous coloured dyes through the 
hepatic duct* Hobsby in 1958 (British Surgical practice 1958) prtned that each of the iv> o principal 
lobes can further be subdivided into smaller independent segment* each having iu own biliary channels 
ami vascular supply. The right lobe con lists © r two main segments, antcro-medial and postero-Iateial 
segments, and a small segment in the caudate Jobe. Similarly the left Jobe consists of two main 
segments, superior and inferior left Jobar segments and two smaller segments, one for the caudate lobe 
and one for the quadrate lobe. 

THE EXCRETORY APPARATUS OF THE LIVER 

The excretory apparatus of the liver consists of (1) the common hepatic duel 
' formed by the union of the right and left hepatic ducts which emerge from the porta 
hepatis, (2) the gall hfrxfder which serves as a reservoir for the bile, (3) the cystic 
/duct and (4) the common bile duct, formed by the union of the common hepatic 
'duct and the cystic duct. 


THE GALL BLADDER 

' The gall bladder is a fibro-muscular hollow viscus in the biliai^pathway, which 
1 acts as a specialised reservoir into which bile, secreted by the liver celjs, is stored for 
: ^concentration.^/ 

t Shape and situation. The gall bladder is a pear-shaped hollow viscus lying on the 
inferior surface of the right lobe of the liver in a fossa extending from the right end 
1 of the porta hepatis to the inferior margin of the liver. The gall bladder is obliquely 
I placed and its long axis is directed upwards, backwards and medially. 
t Paris for examination. It consists of a broad expanded blunt extremity called 
, t th e fundus which in normal condition just peeps out from the inferior margin of the 
^ liver apposite to the tip of the right ninth costal cartilage. Just succeeding the 
fundus and gradually diminishing in diameter is the body, and the body is succeeded 
^by the neck which is ‘S ’-shaped and is much diminished in calibre. From the neck of 
’ j gall bladder and continuous with it is the cystic ducU 
pit Size and Capacity: Length 3 to 4-ifrches; Breadth If inches; Capacity 1 to 14 oz. 
0,1 Roughly 1 to 2 c.c. per kilogram of body weight). 
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Peritoneal relation" The fundus of the gall bladder is completely covered by 
peritoneum. ' The superior surface of the body and the neck is not covered by perito- 
neum and is adherent to the liver by some loose areolar tissue. Sometime the gall 
bladder is completely covered by peritoneum and is attached to the liver by means of 
a short mesentery. 

General relations. The fundus of the gall bladder that extends beyond the inferior 
margin of the liver is in relation to the posterior surface of the anterior abdominal 
wall opposite to the t tip of the right ninth costal cartilage and just approaches^ the 
angle between the costal arch and the lateral border of the Tectus abdominis. 
Posteriorly the fundus is in relation to the transverse colon. 

The body of the gall bladder is directed upwards, backwards and to the left 
from the fundus and its upper surface is adherent to the inferior surface of the liver 
by some loose areolar tissue. Its lower surface is in relation to the transverse colon . 
and the first portion of the duodenum. To the right it is related to right colic flexure 1 
and the second portion of the duodenum. On the left side it is in relation with the | 
pylorus and the first portion of the duodenum. \ 

The ruck of the gall bladder lies at a higher level than the fundus and is r S ’-shaped, - 
It at first curves upwards and forwards and then abruptly backwards and downwards 
and is continuous with the cystic duct. It is attached to the under-surfacc of the 
liver by some loose areolar tissue and lies against the upper part of the free border of 
the lesser omentum. The cystic branch of the right hepatic artery lies in between 
the neck of the gall bladder and the liver where it divides into superficial and deep 
branches. The deep branch descends in between it and the liver while the super- 
ficial branch intervenes between it and its peritoneal covering. The cystic vein 
accompanies the neck of the gall bladder and ends by opening into the right branch 
of the portal vein. Between the junction of the body and the neck on the right 
side there is a small localised dilatation known as the Hartman’s pouch, f 

The cystic duet measures about 3 to 4.cm. in length and it runs backwards, 
downwards and to the left from the heck of the gall bladder and joins the common 
hepatic duct on its right side at an acute angle, within j inch from the upper border 
of the first portion of the duodenum and immediately below the porta hepatis to 
form the bile duct. B efore joining with the common hepatic duct it r uns in 
close c ontact with the latter for a short distance" and is olten adherent to it by con nec- 
tivc tissue. Its mucous membrane is thrown Into cresenticlolbs to form the Spiral \ 
take ol The du et. 1 ■ — ‘ ™ 1 

Congenital anomalies. The 
solid divertic ulum from the 
holkgv ventral duodenal diver- 
ticulum (which forms the com- 
mon bile duct) caudal to the 
hepatic buds from which the 
gall bladder and the cystic duct 
arise, may remain solid to form 
solid gall bladder and solid cystic 
duet. Occasionally the diver- 
ticulum for the gall bladder 
may bifurcate to form a 
forked gall bladder. The 
Hartman’s pouch may also 
assume considerable size to 
resemble double gall bladder. 

It may be attached to the liver, 

or to (lie duodenum or to the colon by a mesentery. Anomalies of the duct system 
may also occur and are commoner and have been described under "variation in the 
formation of the common bile duct.” 

‘Histological structure>Thc gall bladder consists ofa serous, perimuscular, muscular 
and a mucous coat in order from without inwards. The serous coat; formed by the 
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peritoneum, partially covers the gall bladder. The perimuscular coat is formed by 
a thick layer of connective tissue and embedded in it are blood vessels, nerves 
and lymphatics; opposite the fossa for the gall bladder it is continuous with the 
interlobular connective tissue of the liver. The muscular coat is formed by irregu- 
larly decussating smooth muscle fibres consisting of longitudinal, transverse and 
oblique fibres. The spaces between the muscular bands arc occupied by 
collagenous, clastic and reticular fibres with a Tew fibroblasts. The mucous membrane 
of the gall bladder has a honey-comb appearance and is lined by a single layer of 
columnar epithelium and is absorbtive. It has no glands except in the neck where 
some smalt tubulo-alvcolar types of glands are seen. The mucous membrane of the 
cystic duct is thrown into folds to form the spiral r alee of the duct. 

Occasionally, in the region of the neck and opposite the hepatic surface of the 
gall bladder, in the perimuscular coat, there may be seen some duct-like structures, 
the duct of Luschka, which have no connection with the lumen of the gall bladder. 
Some of these structures may be seen to indent into the muscular coat and some may 
be traced to connect with the bile duct. The ducts of Luschka are believed to be 
aberrant bile ducts which have been laid down during the process of development 
of the biliary system. 

Occasionally the mucous membrane of the gall bladder is found to be evagi- 
nated in the form of small out-pouchings which extend through the lamina propria 
into the muscular layer. These out-pouchings arc known as Rolitansly — Aschoff 
sinuses. f These sinuses arc believed to occur in pathological condition of the gall 
bladder in which its wall becomes sufficiently weak to permit such sinuses to develop. 

Vascular supply. The gall bladder is supplied by the cystiir'axtery, a 
branch of the right hepaU cgTt ery. It may occasionally be supplied, in addition, by 
an accessory cystic artery, a branch of the common or right or left hepatic artery. 
The gall bladdcr^Vdraincd by the cysti< Kgm which opens into the right branch 
of the portal vHti and by numerous small veins which pass into the liver and 
terminate into hepatic veins. 

Nerve supply. The gall bladder is supplied by the sympathetic nerves and 
receives its fibres from the ninth thoracic segment of the spinal cord through the . 
greater splanchnic nerve and the coeliac plexus. It also receives some filaments 
from tlte right phrenic and the va gust h rough the coeliac plexus. 

Lymphatics of the gall bladder. The lymphatics draining the gall bladder 
pass between the two layers of the lesser omentum and terminate in the hepati^group 
of lymph nodes. __ >. 

Function of the gall bladder. Acting as a reservoir, the gall bladder con- 
centra Us the bile and stores it from the liver via cystic duct in between meals when the 
sphincters of Oddi and of Boyden are in tonic contraction and discharge the concen- 
trated bile into the second part of the duodenum via the common bUe duct with 
meals. 

Development. See development or the liver 

THE COMMON BILE DUCT 

The common bile duct, as the name signifies, is a common tubular passage into 
which bile is discharged both from the liver through the common hepatic duct and 
from the gall bladder through the cystic duct and is conveyed to the second portion 
of the duodenum. 

Formation. The common bile duct is usually formed within half an inch from 
upper border of die first portion of the duodenum immediately below the porta 
hepatis by the union of the common hepatic duct and the cystic duct. The cystic • 
duct usually joins the common hepatic duct on its right side at an acute angle. 

Variations in the mode of formation. (1) Frequently the common hepatic duct 
and the cystic duct run parallel to each other before joining to form the common duct. 
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(2) The union of die common hepatic duct and the cystic duct may take place 
either behind die duodenum or behind the head of the pancreas. . 

(3) The cystic duct may join the common hepatic duct cither in from of or 
behind it or even on the left side of the common hepatic duct. 

(4) The cystic duct may be absent and the common hepatic duct pierces the 
gall bladder and then emerges out of it as the main duct. 

Measurements and direction. It measures about 3 to 4'Wiches in length and is of one- 
third to onc-fourth inch in diameter. In abnormal cases the diameter may be much 
more than is normal and may even measure about one inch in diameter. Its general 
direction is downwards, backwards and to the left. 

Course and relation . After its formation it runs downwards, backwards and to 
the left in front of the aditus to the lesser sac where it lies in the right border of the 
lesser omentum in front of the portal vein and on the right side of the hepatic artery 
(first part). It then passes behind the first portion of the duodenum to reach the 
head of the pancreas (second part). In this situation the gastro-duodenal artery 
lies on its left side. It then runs in a groove on the posterior aspect of the head or the 
pancreas (third part) and lies in front of the inferior vena cava and on the right side 
of the superior mesenteric vein. Next it passes along the medial border of the second 
part of the duodenum where it is crossed by the superior pancreatico-duodenal 
vessels and soon comes into contact svith the pancreatic duct and the two ducts 
after piercing the duodenal wall separately unite together and form the ampulla of 
the duct. The distal constricted end of the ampulla ends by opening at the summit 
of the duodenal papilla situated about four inches from the pylorus and is usually 
hidden by a' short fold of mucous membrane which constitutes its hood. 

Variations m the mode of termination. (I) Instead oft forming the ampulla after 
their union the two ducts may open independently into the ampulla. (2) The tsvo 
ducts may open separately into the second portion of the duodenum (absence of 
union). 

JVene supply. The common bile duct is rich in its nerve supply which is dis- 
tributed to its outer wall and fibres are derived from the vagi and sympathetics. 

Structure. It is made up of a fibrous wall lined internally by a layer of columnar 
epithelium. Just before its termination into the second part of the duodenum it is 
encircled by a ring of muscle fibres which, act? as a sphincter and is known as the 
sphincter for the hepato-pancrcatic ampulla (sphjnctrr Oddi). Another sphincter known 
as the sphincter of Boyden is situated immediately above its union with the pancreatic 
duct (thcsphincter choledochus). Just before its joining with the common bile duct 
the pancreatic duct is also surrounded by a ring pf circular muscle fibres in some 
cases and is known as the Sphincter pancreaticus. Besides the three above sphincters 
the fasciculi longitudinals* consist of anterior and posterior longitudinal bundles which 
spread in the interval between the two ducts and extend from the margins of the 
fenestra or the ampulla. 

An approach to the common bile duct. The abdominal cavity being opened, first of all, 
demarcate the transverse colon. and trace it to its right extremity. Then detach the 
transverse colon from its adhesion to the head of the pancreas and the second part 
of the duodenum and then reflect it downwards. Then demarcate the lateral margin 
of the second portion of the duodenum and separate it from the front of die right 
kidney. • Now carefully separate the rest of the duodenum together with the head 
of the panci eas from the renal vessels and the inferior vena cava and then together 
svith the head of the pancreas turn over the duodenum towards the median plane. 
Now the bile duct is exposed which lies in a groove on the posterior aspect of the 
head. of. the pancreas and is crossed by the superior pancreatico-duodenal vessels 
in this situation. Traced upwards it is seen to pass behind the first portion of the 
duodenum svith the gastro-duodenal artery on its left side and then it is contained in 
the free border of the lesser omentum where it lies in front of the portal vein and on the 
right side of the hepatic artery'. Then trace it up to the porta hrpatis and now it is 
completely exposed. 
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THE PANCREAS 


Structurally the pancreas is an elongated compound racemose eland which resembles 
the salivary gland in sturcture and is of \ grayish-pink in colo u t^ Functionally it is a 
mixed type of eland containing both exocrin e a nd endocrine com ponent^ 

Situation. It lies in the posterior abdominal wall behind the peritoneum, and 


extends obliquely upwards an d to the left from the holl ow oPtHe ~du6denum to the 

1 by the lesser sacT” 


sple en lying 'Under cover of the stomachy from*wEicHTt is separated 
In position the pancreas occupies the epigastric and the left hypochond riac regions. 

Measurements and weight. The pancreas varies in l ength from*) to 6 inches 
(12-15 cm.) a nd Is about half g p inch in thii-kn^s Its average. weight is about.3 oz. 

Parts for examinations. It is retort-shaped and the bowl of the retort, which 
lies at its right extremity, constitutes its head; succeeding the head is its neck which 
measures about ? inch. Its conical left extremity constitutes its tail and the interven- 
ing portion between its tail and the neck is its body . 

Head or the Pancreas. The pancreas is retort-shaped and the bowl of the 


retort constitutes the head of the pancreas. ( The head is flattene d from before 
ger. than -ats-lctnsyprse_d?amejer. It is. 


backwards and its v ertical diam etr-t-kJargei 


situated on the posterior wall of the abdomen opposite the level of th e second lure 
vertebra and is received into the hol low JiLtheiCLshapec Lduodenum^ ItlspTaci 
at a lower level than its trail which lies- onoratfr. theJeveLof the first lumbanvcrtebra^J 
The Li-ad nf «Lp pnper r ac ■mnds-nnLa..prncrss 1 the uncinate Process , which projects from 
its lower part upwards and medially to intervene between the superior mesenteric 
artery and the abdominal aorta. The head is continuous with the neck on the l eft 
side~a q d the demarcation-between th cJicadJand'ThcIrigck.IantenorltvJs marked 
by .a faint g roove into which t hereJig&jhe-gastro-duQ .denal art ery, and posteriorly, 
it is ihOTfeil^yVd eep g rooveT ormed byjthe-union-oC-the^su perior m esenteric vein 
and the s plenic: veirn Q ^rTrTtHe porta l vein. 

The head pres entsfbrocamination two surfaces — anterior a n d pos t erior , four 
borders — superi or, inferior, ri ght.and lefumd-a-Prac css. the uncinate pro cess-. 

Peritoneal relation. The anterior surface of Jhe,head of the pancreas is covered 


by the peritoneumjbelow the areSWossecTby the transverse colon and the peritoneum 
is derived fromThe g 


: greater sac. The p osterior surface and th e unci nate process both- 
are u ncovered by perit oneum. q 

General relations. The anterior surface of the head is crossed by the transverse 
colon with which it is attached by some loose areolar tissue. Above the transverse 
colon, the anterior surface is overlapped by thyfint portion of the duodenumf and 
below it, it is in relation, with some cofis of th e-s mall' intestine . Ttu^nfferi'nr snriqce 
is in relation with th^Anferior vpna cavapAig ht_crus of the d iaphragm^tcrminal 
portion of the renal veins, and th ©Common bile" duct which may be embedded into * 
the pancreatic substance. Clo^e to its duodenal margin the common bile duct * 
is crossed by the branches of theSfu nerior pgncreatico-jl ttQdeaalja^els and inferiorly - 
it is related to th^right testicular or o varian vesse l q 

The superior border is overlapped by the first portion of the duodenu m and is 
related to the3 iepatic branch of the' codiac art ery. The lower border , from its left 
end, gives rise to the uncinate process' and is m relation with the third part.of the 
du odenum . Its right border fitejnto.thC-gQn cavity. formed by t he second,PQttion of 
the^fuo denum , and in the groove hetweea_the-two, the superior and the inferior 
paricreatico-duodenal arteries anastomose with each other and form two arches, 
one being placed anteriorly and the other posteriorly. The left bo rde r is ver y short 
and is in relation to die su perior mesenteric vein . — ~ 

The uncinate process is crossed m lront by the superior mesenteric artery and 
intervenes between it and thgjth dominal j iocta. The left renal vein is in close rela- 
tion to its upper border. 


The neck of the pancreas measures about width as well as in length and 
it is flattened from b eferc-b ackwards. It presents- an anterior and a posterior surface 



Tail. The tail of the pancreas succeeds the body and is formed by its left 
extremity ■which lies in contact with the medial surface of the spleen below the 
gastric Impression and above the impression Jor-the left -colic flexure. It lies in 
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between the two layers of the lieno-renal ligament where it comes into dose contact 
with the splenic vessels. Occasionally the splenic vessels cross in front of it on its 
way to the spleen. 

Ducts of the pancreas. _T he exocrine secretion of the pancreas is conveyed to 
the duodenum by ’two’HucSTonc main duct which receives secretion from the tail, 
body, and part of the head, and an accessory duel draining the uncinate process and 
the lower part of the head. The main duct of the pancreas is usually known as 
the pancreatic duct and the other is known as the accessory pancreatic duct . 

Pancreatic duct. It begins in the tail of the pancreas and traverses through 
the body lying midway between the superior and anterior borders and nearer to its 
posterior than its anterior surface. As it proceeds towards the head it gradually 
increases in its diameter and receives branches throughout it course which open into 
it almost at a right angle from both sides (Heiring-bonc duct system). Inthehead 
it is about 3 mm. in diameter and turns downwards, backwards and to the right and 
comes into close relation with the bile duct which lies on its right side. Running 
side by side, the two ducts approach the medial wall of the second part of the duo- 
denum which the}' pierce obliquely and running for a short distance within the wall 
of the duodenum, they unite together and then become dilated to form the hepato- 
pancreatic ampulla {ampulla of the bile duct.). The constricted distal end of the ampulla 
finally ends by opening into the summit of a duodenal babilla which is situated at a 
distance of about 8-10 cm. from the Pvloru iT^Sometimes the two ducts open 
separately. 

Accessory pancreatic duct. It is a small duct which drains the uncinate 
process and the lower part of the head and runs upwards to cross the pancreatic, 
duct in front and is communicated to the latter by a branch at the neck of the pancreas. 
Then it passes almost horizontally, and by piercing the upper part of the medial 
wall of the second part of the duodenum, it ends by opening into the summit of a 
small papilla situated about 2 cm. above the duodenal papilla about 7 cm. from 
the pylorus and at a plane slightly anterior to the pancr eatic du ct. 

MJt. The presence of t*o ducts of a single gland in the adult is due to the origin of the gland 
from two different primodia, the donal and the ventral pancreatic diverticula from the duodenum, 
in embryonic Ide (jre development of pancreas). The accessory pancreatic duct is the duct of the 
dorsal pancreatic diverticulum whereas the main pancreatic duct is the duct of the ventral 
pancreatic diverticulum. The ventral pancreatic diverticulum arises from the stalk of the hepatic 
diverticulum (the future-common bile duct) and also communicates with the stalk of the dorsal 
pancreatic diverticulum. Subsequently,'* the dorsal pancreatic diverticulum drains through the stdlfc' 
of the ventral diverticulum and forms the main pancreatic duct and the ventral diverticulum drains 
through the accessory duct. 

Artery supply. The head of the pancreas is supplied by the superior and 
inferior pancreatico-duodenal arteries. The body and the tail are supplied by the 
pancreatic branches of the gastro-duodenal, superior mesenteric and splenic arteries 
respectively* One of these arteries is comparatively large (arteria pancreatica 
magna) and courses from left to the right in company with the pancreatic duct. 

Jf.B. The pancreas is a derivative of the fore-gut but its artery supply, though predominently 
derived from the artery of the fore-gut (eoeliac artery), is also derived from the artery of the mid-gut 
(superior mesenteric artery). This is possibly due to the origin of the pancreatic diverticula from 
near the junctional zone between the fore-gut and the mid-gut. 

The veins are corresponding to the arteries and finally end into the portal vein 
(pancreatic veins into splenic vein, inferior pancreatico-duod enal into sup, mesente ric 
and sup. pancreatico-duodenal into portal vein) . 

Lymphatics of the pancreas. The lymphatics draining the pancreas begin 
in the lymphatic cleft between the alveoli of the gland and they terminate in the 
eoeliac nodes either directly or indire ctly through the superior m esenteri c or pan- 
crea tic, group o_fJ mph_nQsiea- . ~ ' 

Nerve supply of the pancreas. * The pancreas is supplied by va gus and 
splanchnic nerves through splernc-plcy iv>-~ , • '/y,^ 


871 


HUMAN ANATOMY 


Development. The pancreas arises from the dorsal and ventral diverticula; 
the ventral diverticulum arises from the stalk of the hepatic diverticulum whereas 
the dorsal one arises from the dorsal part of the duodenum crania! to the ventral 
one. Due to rotation of stomach and duodenum the two diverticula arc approxi* 
mated to each other and arc fused to form a cell mass. The tail, bo dy. jicck-auri-a 
part of the head are formed from the dorsal nidimen famTt hercs t of the head is 
formed from the ventral rudiment. The ducts of the two rudiments freely commu- 
nicate with each other. 

Histological structure. The exocrine portion or the pancreas farms a tabulated mass formed 
by the fusion of different lobules and resembles the salivary glands structurally except that it has no 
capsules or has onls indefinite capsule made up of loose areolar tissue. It consists of duet systems each 
member of which divide and subdivide into finer ramifications each of which terminates into an al.eolus. 
The cells of the terminal ductule at their junction with those of the alveolar celts behave differently 
in their staining reaction (stain less deeply) and are called the centre-acinar cells which are of cubical types. 
The cells of the minute ducts connected with the alveoli ate luted by flattened type of cells. 

The nils of the alveolus an of columnar type and they are arranged into two rents, inner and outer. 
The cells of the outer rone lie on die basement membrane and arc characterised by dear cytoplasm 
With faint striatton. The cells of the inner zone contains granules in their cytoplasm (Trypsinogen). 

The endocrine portion of the gland forms a syncytium of cells situated In between the alveoli and are 
known as the interaheolcr cell-islet* or the islands of Longer Pans. They arc granular, polyhedral cells uhlch 
an richly fuff lied by blood rtiseU In a zcnler-formal fixed specimen stained with Mallory-aran stain 
three types of cells, A-cell, B-ccll, and P-cell (alpha, beta, delta) whose granules stain differently can 
be identified. A-cclls show brilliant red granules, D-ccll, brown-orange granules whereas die D-celb 
show blue granules. The B-cells are alcohol soluble. 

The interalveolar ccll-isleis are found throughout the whole pancreas but they arc in abundance 
in the tail of the pancreas 


THE SMALL INTESTINE 

The small intestine constitutes the longest part of the digestive tube, and extends 
from the pyloric end of die stomach to theJleocoUc_yal\ic. It is about 22 feet in 
length and gradually diminishes in cafiHrc from its commencement to its termination. 
Its walls arc smooth and regular. It is divisible into three parts — duodenum, jejunum 
and the ileum. The first twelve inches constitute the duodenum which lies against 
the posterior abdominal wall and is devoid of any mesentery. Both the jejunum and 
ileum are suspended from the posterior abdominal wall by a broad fold of visceral 
peritoneum known as Ike mesentery. ^ The jejunum forms about 2J5 whereas the ileum 
2i5 of the remaining portion of the small intestine.^ 

Duodenum. The duodenum is the most fixed portion of the small intestine 
and is devoid of any mesentery. The word duodenum is the latiti corruption of 
Creak word ‘Dodckadaktulos’ meaning twelve fingers. -^This is so named bacause 
it measures about twelve fingers in length. While in situ, its course resembles the 
letter ‘C* and in the hollow of the ‘C’-shaped duodenum the head of die pancreas 
is having a close fittings. 

Identification of Duodenum: 

(1) Its wall is bile stained. 

(2) It has no mesentery. » 

(3) Presence of the duodenal papilla in its interior. 

(4) Circular mucous folds are exceedingly coarse and thickly set up, 

(5) Bile duct pierces the medial wall of its second parj. 

Course of Duodenum. The duodenum begins from the pylorus opposite 
the level of the,first lumbar vertebra and then passes upwards, backwards and to the 
right under cover of the quadrate lobe, of the liver to the neck of the gall bladder 
forming the first portion of the duodenum apd then makes a sudden bend (superior 
duodenal flexure) downwards and descends on the right-side of the vertebral column 
as far as the lower border of the third lumbar veitebra constituting the second or the 
descending portion of the duodenum. -It them makes another bend to the left (inferior 
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peritoneum except close to the pylorus -where it is covered by peritoneum and fonts 
a small part in the anterior boundary of the lesser sac. The lesser omentum u 
attached to its upper border and the greater omentum to the proximal half of the 
lower border. , 

Relations of the second part. It begins from the level of the neck of the gall 
bladder and ends into the third part opposite the level of the third lumbar vertebra. 
Anteriorly it is crossed by the transverse colon to which it is adherent by tome loose 
areolar tissue. Above the transverse colon it is in relation with the inferior surface 
of the liver, and below, with some coils of the small intestine.* Posteriorly it is in rela- 
tion with the anterior surface of the right ftidney closc f° hilum, the right renal 
vessels, right p&oas major muscle and the right edge of the inferior vena cava. Medially 
it is in relation with the he&d of the pancreas and the common bile- duct and the 
pancreatic dusts which unite to form the ampulla 'and the constricted end of the 
ampulla pierces its medial wall to open into the duodenal papilla about 4 inches from 
the pylorus. The accessory pancreatic duct, when it exists, opens .into it about 3/4 
inch proximal to the duodenal papilla. Laterally it is related to the right colic flexure. 
Anteriorly, both above and below the transverse colon, it is covered by peritoneum 
and posteriorly it is uncovered by peritoneum.. 

Relations of the third part. The third part of the duodenum begins from 
the level of the third lumbar vertebra, and passing transversely across the vertebral 
column ends into the fourth part opposite the front of the abdominal aorta# An- 
ter truly, it is crossed by the superior mesenteric artery, and the mesentery. j Posteriorly, 
m its course from right to the left, it passes in front of the right ureter, right psoas 
major muscle, right testicular or ovarian vessels, inferior vena cava and the front of 
the ‘abdominal aorta. Superiorly it is in relation to the. head of the pancreas and 
t nferimly to some coils of the small intestine* Anteriorly it is every where covered by 
the peritoneum except where it is crossed by thc.superior mesenteric artery and the 
mesentery. Posteriorly it is not covered by peritoneum except close to its left ex- 
tremity where over a small area it may be covered by the peritoneum.. 

Relations of the fourth part. 1 1 begins from opposite the front of the abdomi- 
nal aorta and ascending upwards and to the left it ends at the duodeno-jejunal flexure 
to become continuous with the jejunum". Anteriorly it is in relation with the transverse 
mesocolon .’Posteriorly it passes in front of the left psoas major muscle, left ovarian or 
testicular vessels and the left sympathetic trunk and the inferior mesenteric vessels. 
Superiorly it is related to the body of tfre pancreas. Inferiorly it is related to some coils 
of the small intestine. It is entirely covered by peritoneum. 

Artery supply of the duodenum. % The portion of the duodenum developed from the 
fore-gut, Jhat is, that which lies aiJove the opening of the common bile duct is supplied 
by supra-duodenal branch ofgastro-dudenal or hepatic artery', retro-duodenal branch 
of the gastroduodenal , by a branch from the right ‘gas tro-rpiplo y, and occasionally 
by a branch from the right gastric artery-— 'and by the superior pan crcatico-d uodcflal 
branch of gastro-duodenal a fiery." The purtion developed from the mid-gut, that is, 
that which lies below the opening of the common bile duetts supplied by the inferior 
pancreatico-duodenal -branch of superior mesenteric artery. These two arteries 
(superior and inferior pancreaticS-duodCl'Ul ai ttiiu.) ibfm two anastomosing 
arches, one in front of and the other behind the pancreatico-duodenal groove, from 
which vasa recta pass to the two trails of the duodenum. 

Lymphatics of the duodenum. Lymphatics draining the duodenum, are 
arranged into anterior and posterior sets of lymph vessels and they end respectively 
in the onfrrior and posterior groups or pancrealieo-duodenal lymph nodes. These lymph 
nodes occupy the anterior and posterior aspects of the- groove between the head of 
the pancreas and the duodenum. Liferents from these" lymph nodes end in the 
hepatic and superior mesenteric group oflymph nodes. 

Structure of the duodenum. {Vide structure of the jejunum and ileun 
• v It consists of (a) serous, (4) muscular, (c) sub-mucous and (d) mucous coats. 
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(a) Serous coat. Formed by peritoneum which partially covers the different 
portions of the duodenum, 

(i b ) Muscular coat. Consists of outer longitudinal and inner circular muscle 
fibres. 

(c) Sub-mucous coats. Contains blood vessels, lymph vessels and nerves and 
duodenal glands (Brunner’s gland). 

(d) Mucous coat. Are thrown into folds which are coarse and thickly set. 
Mucous folds are absent in the Jirst part of the duodenum. The mucous folds 
of the duodenum are permanent folds. 

Development. Both the stomach and the duodenum lie in the median plane 
with their dorsal mesentery being attached to the dorsal wall. Later on, when 
stomach rotates to the right the duodenum is also affected and comes to lie in die 
posterior abdominal wall beneath the peritoneum; subsequently a diverticulum is 
formed from its ventral part ahd from this diverticulum the liver develops and the 
stem of the diverticulum forms the common bile duct. Similar diverticula from its 
ventral and dorsal part<r-give rise to the formation of the pancreas. The portion 
of the duodenum as far as the ope ning of the common bile duct develops from the 
fore-gut whereas the ret of it-develops from the mid-gut. 

N.B. This being the most fixed portion of the small intestine it is the frequent seat of rupture due 
to external violence in the form of kick in the abdomen. The third part of the duodenum is most 
vulnerable because it is fixed in front of the vertebral column. 

Jejunum and Ileum. The jejunum and the ileum constitute the longest 
portion of the digestive tube and measure about 21 feet in length. They arc the 



most moveable part of the intestine and are suspended fromjhe posterior abdominal 
wall by an expanded fold of peritoneum known as the mesentery. Their walls are 
smooth and regular. ' 

Vascular supply of the jejunum and ileum. The art eries su pplyin g the jejunum and 
ileum are the jejunal an d jieat bra nches fromTlfe 's upmn rTnScnteric^atterv'-respcc- 
ttvehs^Thc tcrminal'portiQn of the ileum alio receives some branches from the 
j 

he veins are corresponding to the arteries and they drain through the superior 
^Resenteric vein to the portal vein. These veins are not provided with any valve. 
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Jfaw supply of the jejunum and ileum. The nerves supplying the jejunum ad 
ileum are the superior mesenteric plexus of sympathetic^ and the vagus nerve 
(Parasympatheties). The nerves arrange themselves in two ganglionated plexuses— 
one being situated in between the two muscular coats known as the myenteric plexus 
(Auerbach’s plexus) and the other is situated in the sub-mucous coat and is known 
as plexus of the sub -mucosa (Meissner’s plexus). 

lymphatics of the jejunum and the ileum. The lymphatics draining the jejunum 
and the ileum consist oF .sub-mucous, intramuscular and sub-serous lymph plexi&fc 
which all communicate with one another. The sub-mucous plexus receives the 
lymph vessels draining the mucous membrane and also receives the lacteals. Efferents 
from its plexus penetrate the muscular wall after joining with the intramuscular 
plexus ana end in the sub-scrous plexus^ Collecting vessels from the sub-serous plexus 
pass between the mo layers of the mesentery and after passing through the superior 
mesenteric lymph nodes they end in the cisterna chyli. 

Structure of the jejunum and ileum. The wall of the jejunum and ileum 
is composed of serous, muscular, sub-mucous and mucous coats. 

Serous coat. The serous coat is formed by the peritoneum which completely 
covers them from all sides except over a narrow space along their mesenteric border. 

Muscular coat. The muscular coat consists of outer longitudinal and inner circular 
fibres. The outer longitudinal fibres are continuous with the similar fibres of the 
duodenum and the stomach. The inner circular fibres line the inner aspect of the 
longitudinal fibres and are continuous with the circular fibres of the duodenum. 
The circular fibres of the duodenum are separated from the circular fibres of the 



Tig, 7IG. The exicmal feature of the ileum. From the direction {fall, N. R, Sircar Medical 
College, Cal; v.ith kind permission From Prof of Anatomy. 


stomach by a fibrous sepUufTknown as the duoderiaT septum. In between the circular 
and the longitudinal groups of fibres there lies the myenteric plexus of nerves 
(Auerbach’s plexus). 

Sub-mucous coat. The sub-mucous coat forms a loose areolar layer between the 
muscular and the mucous coats. Embedded in it are the sub-mucous lymphatic 

E lexus, the nerve plexus of the sub-mucosa (Meissner’s plexus) and the sub-mucous 
lood vessels. 

Mucous coat. The mucous coat or the mucous membrane of the jejunum and 
ileum are thrown into folds which are permanent folds and cannot be effaced out of 
them during distention. They are transversely disposed across the lumen of the, 
gut and each measures about 2 inches in length and 1/6 inch in breadth. Some of 
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hem form a complete circle around the lumen, some extend for about one-half to 
'vo- thirds lts circumference, some are spirally arranged while some of them have 
me extremity bifurcated into two 
imbs. In the jejunum they are more* 
jumerous, closely set and thicker in' 
insistency. In the ileum they are 
vide apart and in the lowest part of 
? - ileum they are almost absent. On 
ne deep aspect of the mucous mem- i 
jrane there is a layer of plain muscle 
ibres known as the muscitlaris mucosa. 

The mucous membrane of the jejun- 
im and ileum are lined with a single 
ayer of columnar epithelium which 
s thicker in the jejunum than in the 
leum. Besides the circular folds, the 
nucous membrane presents the 
oltowing characteristics: 

(1) Villi. They are minute 
jrojectiom on the mucous surface 
raving a velvety appearance and are 
:lo$ely set up all over the mucous 
nembrane except over the solitary 
ind aggregated lymph nodes. They 
ire more abundant in the duodenum 
ind jejunum and less so in the ileum. Structurally, each villis is covered by a single 
layer of columnar epithelium and is composed of (a) a capillary network of blood 

vessels , ( b ) one or more lacleals, 
(c) adenoid tissue and (d) nerve- 
fibrils from the Mcissnei-’s 
plexus. 

(2) Intestinal glands . They 
are abundantly present all over 
the small intestine and are 
alternately called the crypts of 
Leiberkeuhn. They resemble 
simple tubular glartd and are 
seen as small diverticula of the 
mucous membrane. 

(3) Solitary nodules. They 
Noovtcs form oval or rounded small 

elevations on the mucous mem- 
brane formed by lymphocytes. 
Their deeper ends project into 
the submucous coat. 

(4) Aggregated lymph nodules 
or Ptyer’s patches. The)' arc 
formed by the coalescence of 
some of the soli tar)' nodules 
and form oval or round eleva- 
tions on the mucous surface. 
The)* are placed along the free 
border (antimcsenteric) of the 
small intestine and are found 




Fig. 718. The aggregated and solitary lymphatic nodules 
m the interior of the ileum. From the dissection Hall, 
N. R- Sircar Medical College, Cat; with kind 
permission from Prof, of Anatomy. 


in the upper part of the ileum 
and in the lower part of the 
jejunum. The villi are deficient 
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over them and the circular mucous folds fail to extend over them. They are more 
numerous during infancy and childhood and only a few of them, numbering about 
thirty, are present in the adult. Comparatively they are more numerous in die 
ileum than in the jejunum. Each patch measures about 1 to 4 inches in length 
and about } to 1 inch in breadth. With advancing age they gradually fade away 
and in extreme old age Urey are merely represented by discoloured patches. 


Differences between jejunum and ileum 


Internal features 

Jejunum 

■j— i 

'Ileum 

?: \ 

Cirni/ar fails 

Numerous; very distinct and lying 

Tew, indistinct and wide apart and 

' 

close by. 

absent in the lower part. 

nth 

Numerous; large 

Less numerous and smaller. 

Solitary lymph nodule 

Innumerable. 

Scanty. 

Aggregated lymph nodule Tew, small and circular in outline. 

More numerous; large and oval in 1 
outline^ 

External features 

^ Well 

Thiclurr. 

Thinner, _ 

Calibre 

Wider. 

Less wide. 

Mode of blood supply 

The arteries supplying the jejunum, 
before reaching tt, form one or two 
arterial arches in the mesentery and 
from it straight arteries 1 tech long 
reach the gut. 

The arteries, supplying the fleum, £ 
before reaching it, form two or three 
arterial arches in the mesentery 
from which straight vessels 1 an 
inch long reach the gut. 

Distribution of the fat 

Fat normally present in the mesentery 
fails to reach the jejunal wall and 
hence there are translucent windows 
in the mesentery at the edge of the 
jejunum. 

Fat of the mesentery accompanying 
the vessels creeps on to the wall 
of the ileum and there is ahsencc of 
translucent windows, 


THE LARGE INTESTINE 

The large intestine begins from the ileocolicvalve and ends in the anal &nal. It 
is much less in length than the small intestine and measures about 6_fcet. In spite 
of its being smaller in length it is called 'large' because it has the largest capacity to distend. 
Its calihre is large and it is widest at its beginning and then gradually narrows to 
its termination. It is more or less fixed with limited range of movement. At its 
commencement it forms a pouch-like dilatation known as the caecum from the postero- 
medial aspect of which the vermiform appendix arises, F rom' the upper end of the 
caecum the ascending colon begins and ends in the right colic flexure from where the 
transverse colon begins and passing transversely across the abdominal cavity, ends the 
left colic flexure. From the left colic flexure the descending colon begins and ends in 
the pelvic colon opposite the brim of the pelvis. The pelvic colon ends tn the rectum 
opposite the tljird sacral vertebra ana the rectum ends in anal canal. The large 
intestine presents the following distinctive features: 

(I) Its walls are irregular and sacculated due to the disproportionate size 
between its mucous tube and its taenia. The mucous tube is 6 feet in 
length whereas the taenia arc 4 feet in length and in order to accommodate 
the longer tube into the shorter taenia the walls of thelarge intestine are 
puckered and sacculated. 
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(2) Presence of the appendices cpiploicac. These are small peritoneal 
pouches, containing fat which hang from the wall of the large intestine 
except the vermiform appendix 
and the rectum. 

(3) Presence of the taenia. Longiy 
tudinal muscle fibres of the 
large intestine do not form a 
continuous covering over the 
large intestine but they are 
grouped into distinct bands 
known as the tat nine. 

, (4) The large intestine is more or 

i less fixed in position. 

I (5) The mucous membrane does 

not present any villi nor docs it 
present any circular mucous 
folds and instead the folds arc 
short and irregular. "" 

Taenia coll The longitudinal mus- 
cular fibres of the large intestine do not 
form a continuous covering over the large 
intestine but they arc grouped into three 
distinct bundles known as taenia coli. 

Each taenia is about 4 feet longy 

The taenut arc three in number and 
r~ according to their situation they arc named 
as (1) taenia mesocolica^-placed opposite 
the attached border of the intestine, that 
is, posteriorly, (2) Taenia omcntal&r-placed postcro-laterally in case of ascending 
and descending colon? and opposite the attachment of the greater omentum in case 
of transverse colon** (3) Taenia libera— placed anteriorly in the ascending and 
descending colons aifH along the under-surface of the transverse colon.* 

The taeniae coli serve as the indentily for the large intestine.^ It is present 
everywhere in the large intestine except the r rctu m and the vermiform appendix. 

Appendices epiploicae. The appendices cpiploicac are the small peritoneal 
pouches containing fat which hang from the wall of the large intestine. The fat 
jrrutmibJiu^ io bttaven the iamiar under the peritoneum nrotrudes from the wall 
of the large intestine as small pouches constituting the appendices cpiploicae. They 
are present along the whole length of the large intestine except the vermiform 
appendix and the rectum. Hence it is evident that the appendices epiploicae will 
be found there where the taeniae are present and where the peritoneal covering is 
more or less complete. It is abundantly present in the transverse and pelvic colon. 

The appendices epiploicae arc the important features for the identification of the 
large intestine. ■* 

THE CAECUM 

The caecum is a wide asymmetrical cul-de-sac furnished with the taeniae and 
together with the vermiform appendix forms the c ommenceme nt of the large intestine. 

It is the most superficial part of the large intestine antT is contained within the right 
iliac fossa and is formed by that portion of the large intestine which lies caudal to 
the entrance of the ileum. Opposite the ileocaecal junction there is a constriction 
which demarcates the caecum from the ascending colon. The caecum itself is 
also marked by a constriction which mafcp the caecum sacculated having a medial 
and a lateral bulge. 

5G 
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Position. It is usually situated in the right iliac fossa immediately above the ' 
lateral half of the inguinal ligament hut sometimes it may be situated at a higher level 
in the lumbar region below the liver or lower down in the plevic cavity. The apex \ 
of the caecum is its caudalmost part and corresponds to a point that lies medial j 
to the mid-point of the inguinal ligament 

Types or forms of the caecum. There are usually four types of caecum 
depending on its shape and form as described below: 

Foetal or conical type. It is conical in shape and the vermiform appendix is attached 
to its apex and thus the latter lies along the long axis of the ascending colon. All 
the three taeniae converse to the base of the appendix and they arc equidistant from 
each other. This is a normal condition in the foetus but this form may persist in 
the adult as well. 

Quadrilateral type. In this the caecum is more quadrilateral in form and the 
f appendix is found to be attached between two bulging sacculi. The taeniae raain- 
I tain their relative position as above and converge to the base of the appendix. 

Usual or adult type. This is the usual -type of caecum found in the adult. In 
this type, the portion of the caecum that lies lateral to the taenia libera (anterior 
band) is wider and more bulging than the part medial to it due to disproportionate 
growth in the two walls of the caecum. The anterior wall is also more bulging than 
the posterior wall. The vermiform appendix is attached to the postero-roedial 
wall of the caecum about 2 cm. below the terminaf^ortion of the ileum. 

In the fourth type the lateral wall of the caecum grows enormously whereas its 
medial wall atrophies and due to this the taenia libera is seen to converge to the 
caudal angle at junction of the ileum with the caecum and the base of the appendix 
is found to be attached to it behind this angle from opposite the ilcocaecal junction. 

Measurement. Length — 2 inches; breadth — 3 inches. 

Comparative Anatomy. It varies considerably in its form amongst the various groups of 
mammals. In the herbivorous mammals it is much longer than those in the carnivorous. In anthro- 
poid apes and in man it is much smaller in size and assumes a form in which its anterolateral wall 
grows out of proportion to its posteromedial wall. 

Peritoneal relation. Caecum is usually completely covered by peritoneum 
but in about 5 per cent of cases its posterior surface may be uncovered by peritoneum 
and may remain adherent to the fasdajliaca. 

General relations. Posteriorly it rests upon the ilio-psoas muscle being separat- 
ed from it by the fascia iliaca and the intervening lateral cutaneous nerve of the 
thigh. The femoral nerve comes into relation with this surface but is separated from 
it by the fascia iliaca and by some fibres of the psoas major muscle. The vermiform 
appendix is attached to its posttro-medial wall about 2 cm. below the ileum. 
Superiorly it is continuous with the ascending colon. Inferiorly it rests upon the 
ilio-psoas muscle. Anteriorly it is in relation to the abdominal parieties. 

Interior of the caecum. The terminal portion of the ileum opens into the 
postero-raedial aspect of the caecum at its junction with the ascending colon and its 
opening is guarded by a valve consisting of two lips known as the ileocolic value. It is 
placed at the junction of the caecum and ascending colon t It consists of two lips* 
upperand lower. The upperlip is attached between the ileum and the ascending colon 
while the lower lip is attached between the ileum and the caecum. From the point 
where the two lips unite a ridge-like mucous fold extends on the wall of the caecum 
on each side and is known as the frenulum , 

It is formed -by the reduplications of the mucous membrane and the circular 
muscular fibres of the ileum. Normally it is in a state of tonic contraction due to 
the impulses it receives from the sympathetics through the splanchnic nerves. 
Stimulation of the vagus causes relaxation of this sphincter. 

Artery supply. It is supplied by.tlin anterior and posterior caeca! branches of 
the ileocolic artery'. The veins arc corresponding to the arteries. 
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Nerve supply. It is supplied by the vagus-and sympathetic nerves. 

X.ymphatics. The lymphatics draining the anterior aspect of the caecum end in 
the anterior ileocolic and upper and lower ileocolic grou p_p£Jym ph nodes. Those 
draining the posterior aspect terminate in the posterior and inferior ileocolic group 
of lymph nodes. * “ - — 



Tig. 720. The interior of the caecum. From the dissection Hall, N. R. Sircar Medical College, 
Cal; with kind permission from Prof, of Anatomy. 

N.D. Since the contents of the caecum is fluid, neoplasm of the caecum rarely cause acute intestinal 
wtruction which is common in case of the other parts of the large intestine. In case of obstruction 
‘ the large intestine ilco-caecal Valve is competent enough to prevent regurgitation from the caecum 
< the ileum. 


■ THE VERMIFORM APPENDIX 

The vermiform appendix is a long worm -like structure situated on the postero- 
medial aspect of the c aecum at a distance ~a{ about 3/4 inch below the terminal 
lortion of the ileum andmarks the commencement of the lar ge put . It is a narrow 
ubular structure attached to the caecum by a broad base and ends below into a 
apering free extremity. It is kinkted "on itself so as to resemble an worn and 
ience the name ‘Vermiform’ has Seen applied to it. All the three taeniae of the 
urge intestine converge to the base of the vermiform appendix, the taenia libera 
>f the caecum which is present on its anterior aspect-is a guide to the vermiform 
ppendix. 

At an early embryonic life it has the same calibre as the caecum and lies in the 
ame line with it but later on due to excessive growth of the right wall of the caecum, 
; tubular recess is formed on its medial wall which forms the appendix. 

Measurements: 

Average length 3 inches^ 

Maximum length 9 inches.^ 

Minimum length 1 inch. ^ 
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► Peritoneal relation. It is entirely covered by peritoneum^ and has a short 
mesentery, the mcsenteriole of the appendix, which connects it with the mesentery 
of the small intestine. It forms a free border along which there lies the appendicular 
artery. 

Positions of the vermiform appendix. From its' attachment to the postero-medial 
aspect of the caecum, the tapering extremity of the vermiform appendix may be 
directed variously and the direction of the tip of the vermiform appendix indicates 
its different positions. . Making the vermiform appendix as the point er and the 
caecum as the dial of a clock, the various positions of the vermiform appendix have 
been summarised by Sir Frederick Treves as follows: 

(1) 11 O' doth position or para-colic or para-caecal. In this the vermiform appendix 
is directed upwards and to the right and lies on the right side of the caccume In 
this position it may lie either behind the peritoneum or may partially project into 
the peritoneal cavity and may lie in front of the right kidney. 



Tig. 72 1. The positions of the vermiform appendix 


(2) 12 O'clock position or retro-colic. It lies either behind the caecum or the 
ascending colon and may lie behind the peritoneum or may have partial access to 
the peritoneal cavity. 

(3) 2 O'clock or splenic position or pre- or post-ileal. It is directed towards the spleen 
and may pass either in front of or behind ^he terminal part of the ileum. In this 
position it lies completely within the peritoneal cavity: ’ 

(4) 3 O'clock or promontoric. The appendix is directed transversely inwards 
towards the sacral promontory. 

(5) 4 O'clock or pelvic position v The appendix hangs over the brim of the pelvis 
and projects into the pelvic cavity. In case of female it may lie over the broad 
ligament or the ovary. s 

(6) G O'clock or mid-inguinal. In this the appendix passes downwards towards 
the middle of the inguinal ligament. 

Anatomical structure. On transverse section it is found to contain a canal 
within, which communicates with the caecum by an orifice. The canal of die 
appendix is lined by mucous membrane which is continuous with the mucous 
membrane or the caecum. The mucous membrane is thrown into folds and near 
its orifice of communication with the caecum, the mucous folds are arranged in the 
^ form of a pair of valves which guards its orifice. Beneath the mucous membrane 
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there ts a submucous layer which contains enormous lymphoid tissues for which it has 
often been called by the surgeons as the ‘abdominal tonsil’. Outside the submucous 
coat is the muscular layer wliich consists of both longitudinal and circular fibres. 
Lining the muscular coat is the serous layer or the peritoneum. At certain places 



Fig. 722. The structure of the vermiform oppendix (Diagrammatic). 


both the circular and longitudinal fibres may be deficient and thus in those places 
the serous layer lies in direct contact with the submucous layer. 

Artery supply. The appendicular branch of the ileocolic artery supplies the 
vermiform appendix. It is an end^artery and lies along the free border of its 
mesentery. 

The veins open into the ileocolic veins. 

^ Lymphatics. The lymphatics draining the vermiform appendix pass between 
the two layers of its mesentery and end in the ileocolic grouR jaflymph nodes. ^ 

Surgical importance. It is the frequent seat of inflammation causing 
appendicitis. Due to its varying positions, in cases of appendicitis sometimes 
spontaneous spread of the inflammation to the general peritoneum is met with. 
Referred pain in appendicitis is jirst noticjdjn the epigastric or in the umbilical 
region and when its peritoneal covering is involved, the pain localise Jtt the right 
K iliac fossa and there is muscle^guarding. 

THE ASCENDING COLON 

Extent and course. It begins as a direct continuation of the caecum in the 
right iliac fossa, and ascending vertically upwards through the right lumbar region 
it ends in the right colic flexure at the inferior surface of the r ight lobe of the_i_a cx 
lateral to the gall bladder in the right hypochondriac region. 

Length and calibre. In length it varies from 15 to 20 cm. and in calibre^ j/ 
it is smaller than the caecum but wider than the descending colon. f “ 

Peritoneal relation. The ascending colon is covered by peritoneum both 
k in front and at the sides but it is uncovered by peritoneum posteriorly. In some cases 
' it receives a complete investment from the peritoneum and acquires a short mesa- 
's S 
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colon by which it is suspended from the posterior abdominal wall. A little above the 
trails tubercular plane, occasionally, a fold of peritoneum extends laterally from tk 
ascending colon and supports the liver from below and is often called the sustentaculm 
kepalis. In the region of the right colic flexure there are three inconstant pcritcmtal 
folds, one extending to the diaphragm, one to the liver and another to the gall bladder 
and are named as phrenicolipffupalojplic and cyslocoltC/falds respectively. 

General relations, Anteriorly, it is related to some coils of the smalLimtsline 
and to the right edge of the greater omentum ^jrhich separates it from the posterior 
aspect of the anterior abdominal wall. Posteriorly, it is related to the iliacus rrws.de 
and the fascia iliaca, the iliolumbar ligament/ the fascia covering the ^/adratus 
lumbonun, the aponeurotic origin of the transversus abdominis and to the lower lateral 
part of the right kidney from which it is separated by the perirenal fascia. The lateral 
cutaneous nerve of the thigh and the fourth lumbar artery pass laterally across the 
posterior aspect of the ascending colon. Occasionally the iliohypogastric as well 
as the ilioinguinal nerves may also be found to cross it posteriorly. Between the 
posterior aspect of the ascending colon and the fascia covering the quadratus lum* 
borum is a collection of loose, fatly areolar tissue which is continuous above with the 
sub-diaphragmatic areolar tissue. ^ 

Artery supply. Thb arteries supplying the ascending colon are the righfrojic 
branch of tne superior mesenteric artery and the colic branches of the ileoCoiic 
artery (Branch of sup-mesentcric). Veins are corresponding to the arteries. 

Nerve supply. It is supplied by the vagitf* (parasympathctics) and sympathetic 
nerves through coeliac and superior mesenteric ganglia. 

Lymphatics. Lymphatics draining the ascending colon terminate into the 
superior mesenteric group of lymph nodcs^ 

Development. It develops from the mid-gut loop (see development under of 
hind-gut). 

Developmental anomalies. There may be incomplete fusion of its peritoneal attachment 
which may predispose the ascending colon to ptosis due to inefficient peritoneal support. Occasionally 
a vascular membrane or fold or vascular peritoneum may pass dosvnwanls and medially in front or 
the ascending colon and the caecum from the parieties on the right side. This vascular fold is known 
as the Jach on's pericolic membrane. Thu is due to persistence of Uic greater omentum which, in eat lift 
part of development, passed in front of the ascending colon to be attached to the parietal peritoneum. 

Applied anatomy. The loose, areolar fatty tissue behind the ascending colon ollen becomes 
the scat of abscess formation and by extension it may give rise to subdiaphragmatic abscess. Due to 
the presence of mesocolon, in some cases, intussusception may occur in this situation, particularly w 
children "where mesocolon often presents. Ptosis of the ascending colon may occur due to incomplete 
fusion of its peritoneal attachment. 


Right colic flexure. The right colic flexure is the angular junction between 
the ascending colon and the right end of the transverse colon. It lies in the right 
hypochondriac region under the qinth costal cartilag e and opposite the third 
haa bar vertebra or a little lower than this in erect posture, and opposite the level of 
the second lumbar vertebra in recumbent posture. 

Peritoneal relation. It is covered by peritoneum anteriorly whereas it is un- 
covered by peritoneum posteriorly. 


General relations. Posteriorly, it is related to the lower lateral part of the right 
kidney whereas anteriorly , is related to the under surface of the right lobe of the liver 
at the colic impression. Medially, it is related to the fundus of the gall bladder and 
•the second part-of the duodenum. The transverse colon runs downwards forwards 
and to the left from the right colic flexure. 


THE TRANSVERSE COLON 


The transverse colon, as the name implies, is formed by that portion of the large 
intestine which spreads transversely across the abdominal cavity from the ngfit^to 
"\ the leftsjde. It is about 20 inches long and 2 inches broad. It begins at the right 
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colic flexure in the right hypochondriac region and at first descends downwards and 
then ascends upwards to end into the left colic^flfcxure in the left hypochondriac, 
region at the lateral end of the spleen. In its course across the abdominal cavity 
it forms an ‘U’-shaped arch the convexity of which is directed downwards and for- 
wards. 

General relations. Anteriorly , it is covered by the superior layer of the trans- 
verse mesocolon and is related to the anterior two layers of the greater omentum 
which separate it from, the posterior surface of the anterior abdominal wall. 

Posteriorly, from the right t aibg le ft - s ide, it is in relation with the second portion 
of the duodenum, anterior surface of the head of the pancreas, upper end of the 
mesentery, duodenojejunal flexure and some coils of the small intestine. 

Superiorly, it is related to the liver, gall bladder, g reater curvature of the stomach 
and the lateral end of the spleem ”* 

Jnferiorly, it is in relation with some colis of the jejunum and ileum. 

Artery supply. It is supplied by the ascending left coti^and the middle** 
colic arteries. 

Lymphatics. Lymphatics draining the transverse colon accompany the right 
and the middle colic arteries and end in the right colip and the middip. colic group 
of lymph nodes. Efferents from these nodes pass to the superior mesenteric group 
of lymph nodes. 

The transverse mesocolon. It is a double fold of peritoneum which suspends 
the transverse colon from the posterior abdominal wall. Its anterior border is 
attached to the transverse colon while its posterior border is attached to the anterior 
border of the body of the pancreas. Both anteriorly and posteriorly, opposite' its 
line of attachment, the two layers of the transverse mesocolon separate from each 
other and they can be traced as follows: 

The transverse mesocolon as it consists of two layers of peritoneum— a superior 
and an inferior layer, encloses the transverse colon from in front and behind. The 
superior and the inferior layers of the transverse mesocolon are attached to the 
anterior border of the body and the anterior surface of the head of the pancreas. 
Traced backwards, the superior layer covers the anterior surface of the body of the 
pancreas and then ascends upwards as the posterior-most layer of the greater 
omentum, which in itscoursebecomesadherent tobut easily separable from thesuperior 
layer of the transverse mesocolon and from the anterior and the superior surfaces of the 
transverse colon. The inferior layer of the transverse mesocolon from its attach- 
ment to the- anterior border of the pancreas runs upwards and backwards to cover 
the inferior surface of the body of the pancreas and then is reflected on to the third 
and the fourth parts of the duodenum and finally becomes continuous with the 
right layer of the mesentery. Around the transverse colon the two layers of the 
transverse mesocolon are continuous with each other. Thus it appears that both 
the layers of the transverse mesocolon are derived from the peritoneum of the greater 

Contents. The transverse mesocolon contains in between its two layers, the 
transverse colon, the middle colic and the ascending left colic arteries, some lymph 
vessels accompanying these vessels, some loose areolar tissue and a few lymph nodes 
and nerves. ’ S 

Left colic flexure. The left colic flexure or the splenic flexure is the angle 
at which the transverse colon meets the deseeding colon in the left hypochondriac 
region at the lateral end of the spleen and hence it is also alternatively called the 
splenic flexunv It lies at a higher level than the right colic flexure and at a plane 
posterior to the latter. Superiorly it is related to the lateral end of the spleen and the 
tail of the pancreas. Medially it is related to the anterior aspect of the left kjdncy and 
anteriorly it comes into contact with postero-inferior surface of the storfiach being 
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separated by the omental bursa. It is covered by peritoneum and ins connected to 
. the diaphragm opposite the eleventh rib by a triangular fold of peritoneum known 
as the phrcnicc-cohc ligament. 

THE DESCENDING COLON 

Extent and situation. It begins in the left colic flexure in the left hypochon- 
driac region where it is continuous with the transverse colon and traversing through 
the left lumbar and iliac regions, it ends in the pelvic colon at the 5nleto£,thepdvis 
on the medial side of the left psoas major muscle// 

Length and calibre. It varies in length from 22 to 30‘un.and measures about 
4 cm. in calibre. It is comparatively much narrower than the ascending colon and 
often found to be much contracted at places. 

Course. From it commencement in the left colic flexure it at first descends 
downwards and medially along the lateral border of the left kidney and then descends 
* vertically up to the iliac crest, it again curves medially and downwards, and by cross- 
ing over the left psoas major muscle, It sinks into the pelvic cavity to become the 
pelvic colon. • 

Peritoneal relation, , The descending colon is covered by peritoneum both 
in front and at the sides arid it is uncovered by peritoneum posteriorly! In some 
cases, the foetal condition persists' and the descending colon is completely covered by 
peritoneum and is provided with a mesocolon, »the descending mesocolon by which it is 
suspended from the posterior abdominal wall.* 

General relations. Anteriorly it is covered by the coils of the small intestine 
which intervene between it and the posterior aspect of the anterior -abdominal wall 
but in the left iliac fossa it may lie in direct contact with the anterior abdominal wall, 
..particularly when it is distended. Posteriorly, from above downwards, it m relation 
with the lower part of the diaphragid, qutftfPtrtus lurhtJCtrtim and theiliacus and 
psoas being separated from them by their covering fascia. As it enters the pelvic 
cavity it crosses the left external iliac and testicular or ovarian vessels, and the left 
femoral and tire genitofemoral nerves. - In the iliac fossa, the lateral cutaneous 
nerve crosses posterior to it and in the lumbar region, the iliohypogastric and the 
ilioinguinal nerves cross it similarly. Medially and above it is related to the lateral 
margin of the left kidney.-rmd below that, it is related to the left psoas major muscle- 
Laterally and above it is related to the quadratus lumborum and laterally and below it 
is in relation with the left iliacus musde< 

Artery supply. The descending colon is supplied by the left , colic branch of 
the inferior mesenteric artery. 

The veins are corresponding to the artery and terminate in the inferior mesen- 
teric vein. 

Nerve supply. The sympathetic nerves are derived from the hypogastric 
plexus and the lumbar sympathetic trunk whereas the parasympathetic fibres are 
derived from the pelvic splanchnic nerve, y _ 

Lymphatics. Lymphatics draining tlie descending colon terminate in the 
inferior mesenteric group of lymph nodesj 

THE PELVIC COLON 

The pelvic colon begins at the medial margin of the left psoas rnSyor musde 
opposite the pelvic brim as a direct continuation, of the descending colon and at 
first descends on the left side of the lateral wall of the true pelvis and then passes across 
the median plane to the right side of the pelvic cavity and finally arches backwards 
and downwards to reach the median plane opposite the level of the third sacral 
vertebra w here it is continuous with the rectum. " v - / 



A view of the left lower abdomen and the pelvic cavity with 
orjant in poiition. With kind permission from : lederle Laboratories 
Ltd. Drawn by Mr. Paul Peck. [ To face page 889 ] 
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It measures about 16 or 17 inches in length but it may be as short as 5 inches 
I r as long as 35 inches. y/ 

\ | Peritoneal relation. The pelvic colon is completely cowered by peritoneum 
j nd is furnished with an extensive mesentery — the pelvic mesbfolon which connects it 
rilh the posterior wall of the pelvic cavity./ Due to this extensive mesocolon it is 
rcely moveable. The pelvic mesocolon is attached in such a svay that although the 
pelvic colon is abou 1 1 6 inches long i ts two ends onl y lie at a d istance of 4 inches/ 

General relations. In its passage to the lateral wall of the pelvic cavity it 
tosscs the left common iliac artery and lies on the medial side of the vas deferens in 
:asc of male and the round ligameny'of the uterus and the ovary in case of female. 
posteriorly it is related with the wc\&% internal iliac vessels, the pirifomps muscle 
ind the sacral ptexusof nerves of the (eft side. Antero-infen'orly it rests upon the 
iladder in case of male, and the bladder and uterus in case of female. Anlero- 
uperiorly it is in relation with some coils of the small injpstine. 

Vascular supply . It is supplied by the inferior couc branch of the left colic 
irtery. 

The veins are corresponding to the artery and end by opening into the inferior 
nesenteric vein. 

Pierre supply. Same as descending colon. 

Lymphatics. The lymph vessels draining the pelvic colon end into the inferior 
nesenteric group of prcaortic lymph node^y 

Surgical importance. Due to long mesocolon with short attachment the 
iclvic colon is looped and the pelvic mesocolon acts as a pedicle which may be 
wisted on its own axis causing a condition known as volvulus jy The two ends of the 
ittached border of the pelvic mesocolon are separated only by 4 inches and localised 
leritonitis causes further approximation of the two ends, as a result of which, the 
jelvic colon is suspended from a short pedicle which may be easily twisted. Thus 
ocalised peritonitis predisposes to volvulus. 

The pelvic colon may be highly distended causing a condition known as mtga- 
olon. In mcgacolon there is enormous distension of the colon with hypertrophy of 
is wall but it has least power to contract and it lies in a paralytic state. 


Differences between the large and the small intestine: 


Large intestine 

Smalt intestine 

The wall is sacculated and irregular. 

The wall is smooth and uniform. 

It has got taenia coli and appendices 
epiploicae. 

It has none of them. 

It has a greater calibre. 

Smaller calibre. 

Internally it has no aggregated lymph 
nodule and circular mucous folds. 

It has been provided with circular 
mucous folds and aggregated lymph 
nodules. 

There is no villi in the large intestine. 

Presence of villi is characteristic of 
small intestine. 

Solitary lymph nodules are numerous. 

Solitary lymph nodules are less numer- 
ous. 


The pelvic mesocolon. The pelvic mesocolon is a ‘V’-shaped double fold of 
peritoneum which suspends the pelvic colon from the posterior wall of the pelvic 
cavity. Its anterior border splits to enclose the pelvic colon while its posterior 
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border or the root Has a 'V-shaped attachment on the pelvic wall. Its line of attach-* j 
ment begins from the medial margin of the left external iliac artery about 2 inches 
above its termination and then it runs upwards and medially to the bifurcation of | 
the left common iliac artery. Then it turns sharply downwards and medially to reach 
the front of the thircTsacral vertebra where the pelvic colon ends in the rectum. 
Opposite to the angle of the ‘V-shaped attachment is a small peritoneal recess known 
as the inltuigmoidjosigj In the floor of the inlereigmoid fossa there lies the left ureter 
undercover of the parietal peritoneum, v/fn between the two layers of the descending 
limbs of the pelvic mesocolon it contains the inferior left colic artery, superior rectal 
artery, lymphatics and a few lymph nodev^ 

THE RECTUM 

The rectum forms the lower portion of the large interfile and measures about 
5 inches in length. It differs from the other parts of the large intestine in that ft hi ' 
no lamia, no appendices epiploicaemnd its lowest portion is continuous with the anal canal 
with which the’fcim remains attached. It begins as a direct continuation of llte pelvic 
colon from opposite the l evel of the third sacral \crtc hra and descends downwards 
in front of the sacro-coccygcal curve to ilTe tip oFTKecoccyx. Then it runs forwards 
for about 2 or 3 cm. to reach the apex of the prostate from where it bends 
Iharpty backwards to end into the anal canal.} In its course it presents two antero- 
posterior curvatures — a sacral curve having s convexity backwards and a perineal 
eime having a convexity forwards. sR also presents three lateral cunatures—ont 
convex to the right opposite to the ’ftmetion of the third and the fourth sacral 
vertebrae, the second, convex to the left at thesaero-coccygcal articulation and the 
third convex to the right opposite the tip of the coccyx. The lower part of the 
rectum forms a fusiform dilatation known as the rectal ampulla. 

Peritoneal relations. Foste it is uncovered by peritoneum. Anteriorly 
its upper-third is covered by peritoiejun both in front and at the sides, the middle 
third is covered by peritoneum only in front while the lower-third is absolutely 
uncovered by peritoneum. 

General relations. Anteriorly it is related to the rectovesical pouch con- 
taining some coils of the ileum and below that to the base of ’the" bladder, posterior 
surface of the prostate, seminal vesicles and the vas deferens in case of male, and 
in case of female, it is related to the recto-uterine pouch, posterior fornix of the 
vagina and the cervix uteri. Posteriorly, opposite the median plane, it is related to 
the la3t three segments of the sacrum, coccyx, ano-coccygcal body and the 
median sacral vessels and on either side of the median plane to the piriformis 
and the levator ani muscles, lower sacral nerves and the lower lateral sacral artery. 
Laterally it is related to the levator ani muscles, ureter and the internal iliac vessels. 

Vascular supply of the rectum. The vascular supply of the rectum consists 
of the arteries supplying the rectum and the veins draining it. 

The arteries supplying the rectum are the superior rectal branch of the inferior 
mesenteric, middle rectal branch of th e internal il iac and the inferior rectal branch 
or the internal pudendal artery. 

The superior rectal artery is the main artery supply of the rectum and it begins 
as a direct continuation of the inferior mesenteric artery and descends downwards 
between the two layers of the pelvic mesocolon and reaching the level of the third 
sacral vertebra it divides into two branches which descend one on each side of the 
rectum. Reaching the middle of the rectum, each artery breaks up into smaller 
branches which pierce the wall of the gut and descend downwards between the mus- 
cular and mucous layers as far as the level of the sphincter-ani-intemus where they 
anastomose each other and form Jp6im around the lower part of the rectum; and 
these arterial loops communicate with the middle- rectal branch of the internal iliac 
and the inferior rectal-branch of the internal pudendal artery. The superior rectal 
artery supplies the whole of the mucous membrane and the upper part of the musculature of the 
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'tclum. The lower part of the musculature of the rectum is supplied by the middle 
and inferior rectal arteries. 

The rfnotir drainage of the rectum is arranged in the form of a plexus, the rectal 
plexus which lies around the lower part of the rectum and the anal canal. The rectal 
plexus consists of an inner plexus lying in between the muscular and the mucous 
coats and an outer plexus lying outside the muscular wall. These two plexuses com- 
municate each other by small veins which pierce the muscular wall. 

The lower part of this plexus is drained by the inferior rectal vein opening into 
the internal pudendal veins which is a systemic vein. The middle part of the plexus 
is drained by the middle rectal vein opening into the internal iliac vein ( Systemic 
?ein.) f 


SUPERIOR RECTAL VEIN 


IGNGtTUOINAL MUSCtE- 


1NTERNA.L SPHll 


INTER-MUSCULAR SOM 
CORRUCATOR CUTIS 


MUCOUS MEMBRANE 



Fig. 723. A coronal section of the rectum and anal canal. 


The upper part of the plexus is drained by five or six veins which ascend upwards 
jetween the muscular and mucous coat ^ and i-rarhimr the middle of the rectum, they 
til unite to form a si ngle vcirTwhic& jierces the muscular wall and as cends upwa rds 
is the s uperior rectal vein which opens into the i nferior mesenteric v ein (whicETis a 
rein of theT portal system). Thus through the rectal venous plexus there exists a 
mmmunication between the portal system of veins and the systemic veins. 


Lymphatics of the rectum. The lymphatics of the rectum consist of two 
ets of lymph vessels — (1) Intra-mural and extra-mural. 

(1) The intra-mural set oflymph vessels lie within the wall of the rectum and 
hey (intra-mural set oflymph vessels) communicate srith a lymph sinus which lies 
between the wall of the rectum and the surrounding fat. 

(2) The extra-mural set of lymph vessels lie outside the wall of the rectum and 
t is drained by three sets oflymph vessels upper, middle and lower. 

(J) The upper set of lymph vessels accompany the superior rectal vessels and 
traversing through the para-rectal group of lymph nodes, end into the ‘ 

. left common iliac group of lymph nodes. 

ip) The middle set passes along the middle rectal artery and ends in the internal 
iliac group of lymph nodes. _ _ __ _ ' 

(c) The tower set of lymph vessels pass into two directions. Sonur vessels^ 5 ""*! 
that is, those draining the anal ca nal and the lower p art of the rect um 
pierce the levator ani muscle, a company ~t he~infe ri Or rec t a l_af£erv, . 
traverse the ischiorectal (ossa and then passing along the internal pudendal 
vessels end'into the internal iliac lymph nodes. , 
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The remaining lymph vessels of the lower set, that is, those draining the rat of 
the rectum pass on the upper surface of the levator ani muscle between it and the 
pelvic fascia and end in the internal iliac lymph nodet, , 




, _ The efferent lymph vessels from all these lymph nodes, either directly or in- 
directly, end in the prc-aortic lymph nodes around the origin of the inferior mesen- 
teric arteryv 4 „ 
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Development. The hind gut ends below into a blind pouch known as the 
cloaca which is connected to the body stalk by a canal known as the allantoic canal. 
At a later stage the ventral portion of the cloaca becomes, wider and the dorsal 
portion becomes narrower. In the wider ventral portion the mesonephric (Wolffian) 
and the paramesonephric (Mullerian) ducts open and in between these two portions 
(ventral and dorsal portions) the mesodermal tissue grow rapidly and push the wall 
of the cloaca downwards and" awards. As a result, a septum appears in between the 
two portions of the cloaca and from the anterior portion the urinary bladder develops 
and from the posterior part the rectum develops. The uro-rectal septum ultimately 
reaches the cloacal membrane t.t., the bottom of the cloaca where the entodermal 
cloaca lies in direct contact with the ectoderm and the two portions are completely 
separated from each other, but for some time, a communication exists between the 
ventral and the dorsal portions of the cloaca before the uro-rectal septum is complete 
and this canal is known as the cloacal duct. At the bottom of the cloacal membrane 
there is a depression, the proctodeum, which is subsequently deepened and the rectum 
is communicated to the exterior, trims it is evident that the upper part of the anal 
canal and the rectum develop from the entoderm whereas the lower part of the anal 
canal develops from ectoderm and the line of junction between the two developmental 
distinct areas is demarcated by the presence of the pectinate line situated at the lower 
end of the anal columns. 


Developmental anomalies. The anomalies arise due to irregularities of the 
fusion processes and due to failure or the cloacal membrane to rapture. Due to 
former different types of ano-rectal flstulae such as recto-vesical, recto- urethra I 
recto-vaginal and perineal may develop (see fig. no. 724B). Due to the latter 
imperforate anus such as type I, II, III and IV. In type I the anus is of pin-hole 
type. In other three types the internal communication is absent and the gut lies 
at a variable depth from the surface (see fig. no. 724A). 


Structure of the rectum. The rectt*m consists of (a) serous and fascial 
, coats, (b) muscular coat, (c) submucous coat and (d) the mucous coat. 

(a) Serous and fascial coat. The serous coat is formed by the_pcuioncum-Vv’hidj — 
incompletely inv ests the upper two-thi r ds of the. rectu m. — The fasciaL coat is derived- 
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Interior of the anal canal. The upper part of the interior of the anal canal 
is lined with mucous membrane whereas its lower part is lined with modified skin and 
this muco-cutancous junction is marked by a wavy line known as the pectinate line. 
The upper part of the anal canal presents a series of longitudinal mucous fotds 
(6-10 in number) known as the anal columns . Each anal column is formed by the 
infoldings of the mucous membrane and some of thcjongitudinal muscle fibres of 
the anal canal and contains within it a straight vein'and a small artery respectively. 
These anal columns are separated from one another by a furrow, the lower ends of 
which are jotned to one another by a cresentic fold of mucous membrane known as 
the anal ra h cl In between two anal columns, under cover of the anal valve, is a 
pocket-like recess known as the anal sinus ^ The muco-cutaneous junction or the 
pectinate Une marks the position of the proctodeal membrane of the embryo and 
remains of this membrane may be indicated by the presence of a few short epithelial 
processes at the lowxr end of the free margins of the anal valve known as thcjjmd 
papilla e. About 3 to 9 mm below the pectinate line, the inner lining of the anal canal 
is marked by a white line known as the Hilton's line. (This is not a true white line but 
a colour contrast between the colour of the skin and that of the mucous membrane. 
The area between the pectinate line and the Hilton's white line is known as the 
‘ peelen ’ (resembling a comb) and is lined by transitional epithelium. 

Supports of the rectum. The Following arc the supports of the rectum. 

(1) Perineal and the ano-coccygeal bodies. 

(2) Levator am muscle. 

(3) Recto-urelhralis musclei-' 

(4) Recto-vesical septum: .. 

(a) Anterior fascia of Denonvilliers. 

(b) Posterior fascia of Denonvilliers. 

(r) Space of Denonvilliers. 

(5) Pelvic fascia. 

(6) Rectal Stalk of Elliot Smith (Lateral ligament of rectum). 

(7) The fibro-fatty tissue in the ischiorectal fossa on either side. 

(8) Fascia of Waldcycr and membranous stalk which encloses the superior- 
rectal vessels, extends from the hollow of the sacrum to the ampulla of the 
rectum. 

(1) Perineal and ano-coccgcus bodies. The perineal body in front and the 
ano-coccygcal body behind form two fixed points which suspend It by fibres spreading 
from these points. 

(2) Levator ani muscle. The ‘pubo-rec tabs’ portion of the levator ani forms 
a sling around the ana! canal and suspends the same from above. The pubo-coccygeus 
proper fixes the anal canal between two bony points (pubis and coccyx) and thus 
forming an effective support 

(3) Rccto-urethralis muscle. It consists of a band of muscle fibres which 
extends from the rectal ampulla to the apex of the prostate and are continuous with 
the muscle fibres surrounding the urctura at that situation. 

(4) Recto-vesical septum.. It extends from the peritoneum above to the uro- 
genital diaphragm and the perineal body below. It is the obliterated portion of the 
peritoneal recess in the foetus formed between the rectum and the bladder and the 
prostate and consist of anterior and posterior layers and a potential space between 
the two layers. The anterior layer is known as the anterior fascia of Denonvilliers 
w htle the pos tenor, the posterior fascia of Denonvilliers. 

W Feme fascia. The visceral layer of pelvic fascia by spreading between the 
Uulerent pelvic viscera also add to the support of die rectum. 

(fij Hecral stalk of Elliot Smith. Itcomistsof two dense processes offibrous tissue, 
one on each side, tliat extends from the 2nd, 3rd and 4th anterior sacral foramina 
to the back of the rectum and lies at a distance of about 2 5 cm. from the margin of 
levator am. The band contains the middle rectal vessels and the pelvic splanchnic 
nerves. 
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(7) Fibro-fatty tissue of the ischiorectal fossa. Acting as a packing material 
on each side of the rectum thcy^also add_to die security of the rectal supports. 

Structure of the anal canal. Its wall is composed of muscular, subepithelial 
and epithelial coats. 



Fig. 725. The interior of the rectum and the anal canal. 


The musc ular roat of the anal canal consists of outer longitudinal and inner circular 
Jibres . Superiorly the longitudinal fibres of the anal canal are continuous with the 
similar fibres of the rectum. Inferiorly they invest the sphincter ani intemus and 
reaching the lower end of the latter they end by blending with a fibro-muscular 
septum known as the anal intermuscular septum. This septum intervenes between the 
lower border of the sphincter ani internus and the superficial portion of the sphincter 
ani extemus. Below the muco-cutaneous junction this septum Is firmly adherent 
to the inner lining of the anal canal and is marked by a depression externally known 
as the anal intermuscular sulcus. At the ano-recta! junction the longitudinal fibres 
blend with the sphincter ani extemus, levator ani and the sphincter ani intemus to 
form the ano-rectai ring , Two small bundles of longitudinal fibres extend posteriorly 
to be attached to the coccyx and are known as rcdo-eocggeal muscles. Similar bundles 
extend anteriorly to be attached to the membranous portion of the urethra and the 
prostate in case of male and to the vagina in case of female and are known as the 
reeUburetkralis muscles. 

The circular muscles fibres of the anal canal arc continuous above with the circular 
muscle fibres of the rectum. Opposite the ano* rectal junction they arc specially 
thickened to form the sphincter ani intemus. 

The sphincter ani intemus lies at a distance of about half an inch from the anus. 
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The sub-epithelial coat contains some loose areolar tissue in which the vessel! 
and nerves are embedded. . I 

The epithelial coat forms the mucocutaneous Lining of mtcrior or the anal 
canal and has already been described, < j 

Importance of the pectinate line: ] 

(1) It marks the line or junction between the two development distifict areas 

and the here the squamous stratified epithelium of the skin meets the columnar 
epithelium of the gut. _ ... 

(2) The external sphincter ends and the internal sphincter begins opposite 
this level. Levator ani passes between these two sphincters. 

(3) Both the anal and the deep fascia of the ischio- rectal fossa end opposite this 

line. _ 

(4) The cerebrospinal nerve which supplies the skin meets the sympathetic 
nerve which supplies the gut in this line. 

(5) The anal valve lies opposite this line. 

(6) The superior rectal vein (Portal system of vein) communicates with the 
middle and inferior rectal veins (systemic veins) at this line. 

(7) The portion below this line is drained by lymphatics which end into the 
superficial group of inguinal lymph nodes while the portion above It Is drained by 
vessels which end into the internal iliac group of lymph nodes. 

Sphincters of the alimentary tract. The whole alimentary canal beginning 
from the mouth to the anus measures about 29 feet in length and the passage of foods 
from mouth to anus is guided by certain mechanisms in which the passage is regulated 
and the sphincters are the prime factors in it. Each sphincter is placed between two 
different sections of the alimentary tracts and acts as a stopping station like that of 
the railway transport system. Above each sphincter the passage of food is tem- 
porarily stopped by the sphincter concerned so as to regularise it for the subsequent 
passage. The following are the situations where they are placed. 

(1) Lower pharyngeal sphincter. Between the junction of the pharynx and oeso- 
phagus. 

(2) Cardiac sphincUr. Between the oesophagus and the cardiac end of the 
stomach. 

(3) Pyloric sphincter. Between the stomach and the duodenum. 

(4) Iliocohc sphincter. Between the large and small intestines. 

(5) Mid-tohe sphincter . Between the proximal l /3 and distal 2/3 of the transverse 
colon. 

(6) lieclo-eolic sphincter. Between the lower end of the pelvic colon and the 
rectum. 

(7) Internal and external anal sphincters. Surround the lower part of the anal canal. 

Thus we see that the whole alimentary tract is subdivided into different sections 

by the interposition of the sphincters and these are popularly known as oesophageal 
section, gastric section, iliocolic section, mid-colic section and the rectocolic section. Just like 
the heart muscle the musculature of each of these sections has on inherent quality of 
rhythmical contraction and the initial contraction primarily starts in the proximal 
part of the Section and is gradually propagated to the rest of it. As in cases of heart 
muscle, the contraction wave starts in the roost excitable point, so here too, the first 
wave of contraction starts in the proximal end of each section which constitutes its 
most excitable point and the excitability becomes less and less as it descends to the 
distal part of the section. Hence the wave passes normally towards the anus except 
at the irud-colic section where antipcristaltic waves can and do arise. In pathologi- 
cal conditions antipcristalsis may however take place. 

There is intimate harmony between the work of one section with the other and 
any irregularity in any section has its repercussion in the other and once the work 
has started in one section the other section also begins to set at work so as to regularise 
the passage of its content, as for example, when gastric section passes into section 
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on talcing some food or drink a simultaneous action starts in the distal ileum (gastro- 
colic reflex) and the ilial contents are passed to the caecum. 

Almost, all the sphinc t e rs,. lo calised thixkexung-of-the~G«rcular 
muscle fibres of the_gu t except the ext ernal spH jnCger rrf thr-aniw-whieh is a dis tinct 
muscle and has aljony~ontciii,~ The ilio-colic sphincter, in additi on, has a valvu lar 
arrangement! ” ~ 

Sphincter ani extemus. Itis a fusiform voluntary musclethat surrounds the last 
two centimeters of the anal canal, and the anus. It consists of three portions, r«6- 
cutaneous, superficial and the deep , The subcutaneous portion has no bony attachment 
and consists of a few fibre bundles which encircle the anus and decussate both in front 
of and behind the anus and are fused with the skin. The superficial portion forms 
the main mass of the sphincter and arises posteriorly from the tip of the cocyx by a 
narrow tendon which gives rise to fibres which are arranged into two flattened sheets, 
one on each side of the anal canal. Anteriorly the two sheets meet together and are 
inserted into th e perineal body . Some of the fibres of the superficial portion becomes 
continuous with the fibres of the transversus perinei superficiatis, bulbospongiosus, 
levator anh The deep portion is also devoid of any bony attachment and forms 
a thick ring around the lower 2(3 of the anal canal and is attached anteriorly to the 
perineal body. Some of its fibres are also blended with the transverse superficial 
perineal muscles . 

V Relations . It is surrounded by the fat of the ischiorectal fossa externally whereas 
it surrounds the sphincter ani i ntcrnvs internally. Its deepest fibres are in contact 
of the mucous membrane of the anal canal. 

^Actions. Having no antagonistic members the sphincter ani extemus remains 
in a state tonic contraction and thus keeps the anus closed. On voluntary effort it 
tightens its grip around the anus firmly. 

VYm* supply. It is supplied by three nerves (S. 3,4), its anterior part is supplied 
by muscular branch of the perineal nerve, the intermediate part by the inferior 
haemorroidal branch of the pudendal nerve and its posterior portion by the perineal 
branch of the 4th sacral nerve. 
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The respiratory system consists of a group of organs wlueh arc designed ta 
convey air and to provide a mechanism in which blood and air come into intimate 
relation with each other, so that, gaseous cxctiangc occurs between the two, the 
oxygen of the air is absorbed by the blood and the carbon dioxide i* demifwtd 
into the air. Thus the lcspiratory system consists of organs of respiration, that is, 
the lungs, m which gaseous exchange takes places, and a series of air passages connect- 
ing the exterior to the lungs. The air passages consist of the nasal cavities, pharos, 
larynx and the trachea and its ramifications. The pharynx has already been dealt 
with in. the digestive system atul in this system the rest of the air passages together 
with the lungs have been described. Tor convenient studies the external nose and 
the paranasal sinuses have also been included in this system. 

Evolution of the Re«plr*tory System. The icries of events that give rise to the dcvtlopnreal 
of the human respiratory system, such as, the formation of the pharyngeal diverticulum and the Inn? 
buds, the pleural cavities, the diaphragm, which completely separate* the pleural cavities from the 
abdominal cavity, and the formation of the inspiratory and expiratory group* of museJei, and the 
vascular mechanism associated with the respiratory lytiera are not only complicated but they are, 
at some stages, unintelligible. If we trace the evolutionary path of the respiratory system from the 
lower to the higher forms, many a com plicated part of the human development becomes understandable 
without much difficulty. Thus, in the following few hnei, the events that follow from the lower w the 
higher forms, base been described lined) . 

In tfo fishes the respiratory mechanism is comparatively simpler and the respiratory function o 
mediated through four pairs of gdls. Thus the work of the lungs in man is conducted by the gills “ 
the fishes who have no separate respiratory passages and pleural apartment with lungt. I!<e*evrr, 
they have ether accessory respiratory appendages, tudi as, die swim bladder and weH-developra 
branchial and pharyngeal musculature and a nervous system controlling their activities. 

The iv. im bladder is an Pagination from the pharynx which contains oxvgcn. The branchial 
and pharyngeal muscles are mechanically adapted to force water through die branchial deft* which 
helps the process of gaseous exchange in the branchiae. 

In most of the amphibians the iwim bladder is bifid and is confined within the abdominal easit)’. 
The swim bladder docs the work of die lung and is connected to the pharynx by a respiratory passage- 
The vascular system for cadi lung (each half of the bifid rwim bladder) i« arrived from the sixth visceral 
arch. The pharjmgcal muscles are concerned in pumping air into the lung and thus they act as musetet 
of inspiration. The muscles or die body wall are modified to form the muscles of expiration. 

In the replilts the respiratory system is more elaborate than that of the amphibians. The air passages 
consist of nasal passages, mouth cavity, glottidis, larynx, trachea, bronchi, bronchioles and are Tf? 
within die lungs. There are two flank muscles, one on each side, which enlarge the coelom by there 
contraction and the air is sucked Into the lungs, and thus, these flank muscles repre s ent the functions 
of the mammalian diaphragm and form the inspiratory musclci. The expiration is carried out by * 
expiratory muscle consisting of four bellies, two anterior and two posterior, each belly lying <*i M “* 
side of the median plane; die bellies are connected together by a tendon which passes across the mid- 
ventral line. By their contraction the four bellies compress the viscera against die lungs and thus the are 
is forced out of them. 

In Hu birds die air passages are almost similar to those of die reptiles except that they have localised 
dilatation, the rocal organ or syrinx, at the bifurcation of the trachea. The presence of syrinx is a peculiar 
feature to the birds. Moreover, the bronchioles are connected with numerous large, thioresW *re 
sacs which extend variously between the organs, in the spaces in the neck, and into the cavities <* 
larger bones. 

In the mammals , further specialisation occurs in the formation of two pleural cavities which are 
completely separated from the abdomen by the formation of the diaphragm which is a mammapf" 
characteristic. The bronchioles divide and subdivide into finer ramification and ultimately o>“ by 
opening into alveolar sacs which enormously increase the respiratory areas. 


THE EXTERNAL NOSE 

The nose is the median, three-sided pyramid on the face situated above the oral 
aperture and between the two eyes. It forms the peripheral organ of smell and 
provides air passages which connect the exterior to the pharynx. It consists of 
external nose and two nasal cavities separated from each oilier by a median septum, 
the nasal septum. 
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The external nose consists of a root, an apex, a dorsum, two side-avails and an 
iferior wall containing the two nostrils separated from each other by the median 
:ptum, The side-walls of the nose meet anteriorly to form the dorsum. Superiorly 
ic dorsum meet the forehead at the root whereas inferiorly it ends into a free end 
nown as the apex or the tip of the nose. The nostrils are two elliptical openings on 
ic inferior aspect of the nasal pyramid. Each nostril is bounded by the median 
:ptum medially and by the lower part of the side-wall knotvn as the ala of the nose 
iterally. 

Functionally the external nose can be divisible into an upper fixed par t and a 
wer moveable part. With quiet respiration the movement of the ala of the nose 
not visible but in respiratory difficulty the movement of the ala of the nose becomes 
isiblc and in such condition the elliptical nostril becomes more rounded by the 
ulging out of the ala of the nose. 



Kg. 726. Skeletal structures of the external nose. With kind permission from Callander: 

Surgical Anatomy, W. B. Saunders' Company, Philadelphia and London. 

Structurally the nose consists of an osseo-fibrocartilaginous framework which is 
ined externally by the skin and internally by the mucoperiosteum. The bony 
tart corresponds to the fixed portion of the nose and is formed by the nasal bones 
nd by the frontal processes of the two maxillae. The lower moveable part of the 
lose is mostly cartilaginous and partly fibrous. The fibrous part lies below the 
artilaginous part and Ties at its tower end adjoining the margin of the nostril; opposite 
he ala of the nose there is no subcutaneous tissue and the skin remains fixed to the 
mderlying cartilage. 

The cartilaginous part of the nose consists of larger upper and lower cartilages 
ind a few smaller cartilages. The upper cartilage is triangular in form and lies below 
he lower end of the nasal bone. Its base is directed backwards and is attached to 
he maxilla and the nasal bone by fibrous tissue. Its apex is directed forwards, 
downwards and medially and comes into contact irith the septal cartilage. Its 
interior margin is directly continuous with the septal cartilage. Its lower edge is 
connected with the lower cartilage by some fibrous tissue. The lower cartilage bounds 
the nostril laterally and in front, and is bent on itself towards the dorsum of the nose 
so as to form a short curved plate known as the septal process which comes in the 
formation of the septum of the nose. Posteriorly the lower cartilage is attached to 
the maxilla by some fibrous tissue and in the latter, two or three small cartilages are 
embedded. 
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Vascular supply. The arteries supplying the external nose arc the branches 
from the facial artery and the dorsal nasal branch of the ophthalmic artery. 

The veins drain into the facial vein mostly and a few' drain into the ophthalmic 
vein. 

Lymph vessels. The lymph vessels draining the root of the nose pass laterally 
along the upper and the lower eye lids and drain into the superficial parotid lymph 
nodes whereas the rest of the nose is drained by vessels which follow the facial vein 
and terminate into the submandibular lymph nodes. 

Nerve supply. The muscles of the nose arc supplied by the branches from 
the facial nerve (motor narve). The sensory nerves for the external nose are the 
infra- trochlear and the external nasal branches of the nasocilliary nerve which is a 
branch from the ophthalmic division of the trigeminal nerve. 

THE NASAL CAVITIES 

The nasal cavities are two bilateral cavities, right and left, which are situated 
above the roof of the mouth on either side of the median plane and are separated 
from each other by a median septum — the nasal septum. Each cavity' has an anterior 
aperture, a posterior aperture (choana), a floor, a roof, a medial and a lateral wall. 

The anterior aperture or the nostril is an oval opening on each side of the median 
plane above the upper lip and it is directed downwards and communicates the 
nasal cavity with the exterior. 
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The posterior nasal aperture (choana) is much larger than the anterior aperture 
and 5s oblong in shape and is directed backwards. It communicates the nasal cavity 
with nasopharynx and through the latter with the mouth cavity, the tympanic 
cavity, rest of the pharynx and with the larynx. It is bounded medially by the 
posterior border of the vomer which corresponds to the posterior border of die nasal 
septum; laterally by the perpendicular plate of the palatine bone; above by the 
undersurface of the body of the sphenoid and below by the posterior part of the 
hard palate. 

The floor is formed by the superior surface of the hard palate. It is concave 
from side to side and measures about half an inch in width and three inches in . 
length between the roof and the floor. 

The roof consists of an anterior part, an intermediate and a posterior part; the 
anterior part corresponds its position with the bridge of the nose and is formed by 
the union of the two lateral cartilages or the nose, the two nasal bones and the nasal 
spine of the frontal bone; the intermediate part is formed by the undersurface of the 
cribriform plate of the ethmoid bone and the posterior part is formed by the under- 
surface of the body of the sphenoid bone. 

The medial wall or the septum of the nose is the median partition between the 
two nasal cavities and is formed mainly by the perpendicular plate of the ethmoid 
bone, the vomer and the septal cartilage of the nose and partly by the crest formed 
by the two maxillae, crest formed by the two palatine bones, the crest formed by 
the two nasal bones and the nasal spine of the frontal bone. The nasal septum is 
traversed by the long sphenopalatine vessels and nerves, the medial branches of the 
olfactory nerve and by the branches of the anterior ethmoidal vessels and nerves. 



The lateral wall of the nasal cavity presents three elevations formed by the superior, 
middle and the inferior nasal conchae from above dournvards. Each nasal concha 
is a curved plate of bone, the convex surface of which forms an elevation on the 
lateral wall of the nasal cavity and the hollow of the curve forms a space known as 
the meatus and according to their situations they are known as the superior, middle 
and the inferior meatuses of the nose. 
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The superior meatus intervenes between the superior nasal concha and the 
posterior part of the middle nasal concha. Above the posterior part of the superior 
nasal concha there is a shallow triangular depression known as the spheno-tthmtiii 
recess. The sphenoidal air sinus opens into the spheno-ethmoidal recess. The 
posterior ethmoidal air sinus also opens into the superior meatus of the nose. 

The middle meatus of the nose intervenes between the middle nasal concha and 
the inferior nasal concha. It docs not occupy the whole length of the lateral wall 
of the nasal cavity and the portion lying in front of the middle meatus forms a 
shallow depression known as the almrn of tke nose. The bulk of the middle mcata 
is hidden by the middle nasal concha and when the middle nasal concha Is removed 
it is found to present a rounded elevation the bulla ethmoidalis (caused by the middle 
ethmoidal air cell) and curving forwards and upwards is a curved passage beneath 
the bulla ethmoidalis known as the hiatus semilunaris. Into the hiatus semilunaris 
of the middle meatus, the maxillary, middle and anterior ethmoidal and the frontal 
air sinuses open in order from behind forwards. The frontal air sinus opens through 
a narrow passage known as the fronto-nasal duet* 

The inferior meatus of the nose lies under cover of the inferior nasal concha and 
intervenes between it and the floor of the nasal cavity. Anterior to the inferior 
meatus and the inferior nasal concha there is a shallow depression (inner side of the 
lateral cartilage of the nose) known as the testibule. The atrium lies above it. 
Into the inferior meatus the naso-lacrimal duct opens. The vestibule is covered by 
skin and on it there art some coarse hairs. 
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To sum upj the frontal, anterior ethmoidal, middle ethmoidal and the maxillary 
air sinuses open into the middle meatus of the nose; the sphenoidal and the posterior 
ethmoidal air sinuses open into the spheno-ethmoidai recess and the superior meatus 
of the nose respectively. Into the inferior meatus the nasolacrimal duct opens. 

Nerve supply of the nasal cavity. The nerve supply of the nasal cavity 
consists of (A) nerves of special sensibility (sensation of smell) and (B) nerves of 
general sensibility. 

(A) Nerve of special sensibility. The olfactory nerve is the nerve of special sensi- 
bility and carries smell sensations from the olfactory region of the nose, that is, the 
arch of the superior nasal concha, the adjoining portion of the nasal septum and the 
superior meatus of the nose. 

(B) Nerve oj general sensibility: 

(1) Nasal septum : (a) The upper and posterior part of the nasal septum is 
supplied by the short sphenopalatine nerves, (b) the middle part by the long spheno- 
palatine nerve, and (c) the anterior part by the anterior ethmoidal nerve (through 
internal nasal branch). 

(2) Lateral wall : (a) The inferior meatus and the inferior nasal concha are 
supplied by the anterior superior dental nerves and by the greater palatine nerves, 
{£) the middle meatus and the middle nasal concha are supplied by the anterior 
superior dental nerves and by the greater palatine nerves, ( c ) the superior meatus 
and the superior nasal concha by the short sphenopalatine nerves, (d) the atrium 
by the internal nasal branch of the anterior ethmoidal nerve, and (*) die vestibule 
by the external nasal branch of the anterior ethmoidal nerve. 

Blood supply of the nasal cavity: 

(1) Anterior and posterior ethmoidal arteries — supply the upper and anterior 
part of the nasal cavity. 

(2) Long and short sphenopalatine arteries — supply the posterior part of the 
nasal cavity. 

(3) Superior labial branch of the facial artery — supply the antero-inferior part 
of the nasal septum. 

The veins of the nasal cavity form highly distensible cavernous tissue and add 
warmth and moisture to the inspiratory air. They mainly end into the pterygoid 
venous plexus. 


PARANASAL SINUSES 

The paranasal sinuses are bilaterally paired air chambers which communicate 
with the nasal cavity and are developed by a process of evagination of the nasal 
mucous membrane which extends into the bones surrounding the nasal cavities. 
They are frontal, ethmoidal, sphenoidal and maxillary. Although bilaterally 
paired they are usually asymmetrical. Each is lined with mucoperiosteum which 
extends from the nasal cavity and is covered by ciliated epithelium. The muco- 
periosteum is less glandular, les3 vascular and thinner than that of the nasal cavity. 

Functions of paranasal sinuses. (1) Paranasal sinuses are air chambers which 
occupy deploic spaces and contain air and consequently it is a Nature’s economy 
whien makes the bone lighter. 

(2pBy - virture oi their" containing air and communication to the nasal cavity 
they act as resonant chambers and help in phonatj an nfeprrch. 

(3) The air they contain, is kept at bodytemperature, and during inspiration, 
by the interaction this air of body temperature with the outside air, an equilibrium 
of temperature of the inhaled air is maintained. 

Frontal sinuses. They are two in number, right and left, and each is situated 
behind the medial end of the corresponding superciliary arch. They are separated 
from each other by a median septum which may be deflected to one or the other side 
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Ethmoidal air sinuses. The ethmoidal air cells or sinuses are numerous 
thin- walled cavities situated within the labyrinth ofjhe.ethmoid-and.are completed 
by the frontal, maxillary, sphenoidal, lacrimal and palatine boncsT Theyi~on each 
side, are placed between the two vertical plates of the labyrinth of the ethmoid and 
are arranged into three groups, anterior, middle and posterior. TTie anterior eth- 
moidal air sinuses open into the infundibulum of the middle meatus of the nose, the 
middle ethmoidal air cells into the middle meatus on or above the bulla ethmoidalis 
while tire posterior ethmoidal air cells open into the supe rior meatu s of the nose. 

Development. The ethmoidal air ceils begin to develop during intraembryonic 
life. Anteriorly they extend into the frontal bone to form the frontal air sinus. 

Artery supply. They are supplied by anterior and posterior ethmoidal arterips. 

Nerve supply. The anterior and middle ethmpidal air sinuses are supplied by 
the anterior ethmoidal nerves while the posterior ethmoidaijyr cells are supplied by 
the posterior ethmoidal and pharyngeal nerves. 

Sphenoidal sinuses. The sp*henoidal air sinuses are two in number separated 
from each other by a median septum which is usually deflected to one or the other 
side and consequently they are asymmetrical. The sphenoidal air sinus opens into 
the sphenoethmoidal recess ofjjje superior meatus of the nose. They occupy the 
body of the sphenoid and many extend into the basilar part of the occipital bone. 
The average dimension of the sinus is as follows: 

Width . . | inch. 

Height . . 1 inch. 

Anterior-posterior . . 1 inch. 

Development. It develops by evaluation of the nasal mucous membrane and 
at birth they form small cavities. At about 6th year they are about 3/4 inch in 
diameter and they gradually increase in size till puberty when they are fully developed. 

Artery supply. They are supplied by posterior ethmoidal artcries.y^ 

Nerve supply. The sphenoidal air sinuses are supgjied by branches from the 
posterior ethmoidal nerves and the pharyngeal nerve. «• 

Maxillary air sinus { the antrum of Highm ore). The maxillary air sinus is 
the largest of all and is a four^sidcu hollow pyramid. It occupies the body of the 
maxilla and consists of a base, an apex, a roof, a floor, an anterior wall and a posterior 
wall. Its medial or nasal surface is its base and is directed towards the nasal cavity. 
Its apex corresponds to the zygomatic process of the maxilla. The roof is formed by 
the orbital surface. The j7oor is formed by the alveolar process. The anterior wall 
is formed by the anterior surface while the posterior wall is formed by the posterior 
surface of the body of the maxilla. 

Its walls are translucent. The infraorbital canal forms a ridge on its roof and 
anterior wall. The floor is lower than the floor of the nasal cavity and on it the roots 
of the molar teeth form two or three ridge-like elevations which correspond to the 
roots of the molar teeth. The first molar tooth usually produces maximum bulging 
of the floor of the sinus. Except the incisors, which develop along with the premaxilla, 
the roots of any of the other teeth may project into it. The anterior superior 
dental vessel and nerves occupy similar gutters on the anterior or facial wall. 
Each maxillay air sinus has the following average dimensions: 

Width . . 1 inch. 

Height _ . . 1| inches. 

^ Antero-posterior . . 1 J inches. 

The maxillary air sinus opens into the hiatus semilunaris of the middle meatus 
of the nose close to the roof of the sinus and the opening is slit-like. 
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Artery supply ». The arteries supplying the maxillary air sinus are the posterior 
superior dental branch of the maxillary, anterior superior branch of the infraorbital 
and by the middle dental artery. , 

Xtrrt supply. Tlie nerves suppling the sinus are the posterior superior, ant'enoi 
superior and middle dental, and the pharyngeal nerve* frora^the ,sphenopalaUnt 
ganglion. T v ^ 

Development. It is formed by evagination of the nasal mucous membrane and 
forms a shallow groove on the medial wall of the nasal cavity by the fourth month of 
intrauterine life. It attains its normal site after complete eruption of the permanent 
teeth. 


THE LARYNX 

The larynx, the organ of voice, forms the upper part or the respiratory passages 
and extends from the root of the tongue to the lower border of the cricoid cartilage 
opposite the level of the sixth cervical vertebra from where it becomes continuous 
with the trachea. Superiorly it opens into the laryngeal part of the pharynx ana 
inferiorly it is continuous with the trachea. 

Relations. Anteriorly it is covered by the skin, the superficial and the deep fasda, 
and posteriorly, it is related to the laryngeal part of the pharynx which separates it 
from the fourth, fifth and the sixth cervical vertebrae. On either side it is related to 
the sternohyoid, superior belly of the omohyoid, sternothyroid and the thyrohyoid 
muscles, the upper pole of the thyroid gland and the carotid sheath containing the 
common carotid artery, internal jugular vein and the vagus nerve. 

Measurements. The different measurements of the larynx vary in the two 
sexes and they arc tabulated as below: 

In males In females 

Length . . . . . . 44 mm. 36 ram. 

Breadth or transverse diameter . . 43 mm. 41 mm. 

Antero-posterior diameter . . . . 36 mm. 26 mm. 

Structure of the larynx. The structural framework of the larynx consists of nine 
laryngeal cartilages, three paired and three single, which are connected to one 
another by ligaments and membranes. It is lined internally by mucous membrane 
and gives attachment to muscles, both internally underneath the mucous membrane 
and externally, which arc concerned in its different movements. 

Cartilages of the larynx. The cartilages of the larynx are as follows: 

Single cartilages: Paired cartilages: 

(1) Epiglottis. (1) Two arytenoid. 

(2) Thyroid. (2) Two cuneiform. 

(3) Cricoid. (3) Two corniculate. 

Epiglottis. It is a leaf-like thin plate of yellow elastic cartilage which intervenes 
between the base of the tongue and the inlet of the larynx. It consists of upper, 
lower and two lateral borders and two surfaces, anterior or lingual and posterior or 
laryngeal. 

The upper border is free and convex and is continuous svith the lateral borders on 
each <ide. Its inferior border forms its stem which is attached to the angle formed by 
the two laminae of the thyroid cartilage a little below the thyroid notch by the 
jhyro-epiglpttic ligament. Tire upper part of each later At' border is free while its 
lower part is contained within the ary-epiglottic fold of mucous membrane. 

The upper part of tlie anterior surface is free while its lower part is connected;, 
to the dorsum of the tongue opposite the median plane by a fold of mucous membrane 
known as the glosso-epigloltic fold and on either side it is connected to the side-walls 
N of the pharynx by the pharygo-epiglollic folds. A deep depression between the dorsum 
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of the tongue and the lower part of its anterior surface on either side of the median 
plane is known as the vallecula. The lower part of the anterior surface is placed 
behind the hyoid bone and thyrohyoid membrane and it is connected with the former 
by an elastic ligament knorm as the kyo-epiglotlic ligament. The posterior or the 
laryngeal surface of the epiglottis is concave from side to side but concavo-convex from 
the above downwards. A low rounded elevation at its lower part is called the 
tubercle. 

.Thyroid cartillge. This is the largest of all the cartilages of the larynx and 
forms a median prominence in front of the neck. It consists of two laminae which 
are fused anteriorly to form an angle, the angle of the thyroid cartilage, which is 
open posteriorly and makes a subcutaneous prominence anteriorly known as the 
laryngeal prominence (Adam's Apple). The laryngeal prominence is less marked in 
the females but it forms a well-marked visible prominence in the adult males. 

Superiorly the two laminae are separated from each other by a V-shaped notch 
known as the thyroid notch. 

Each thyToid lamina is irregularly quadrilateral in form and consists of four 
borders, anterior, posterior, superior and inferior and two surfaces, outer and inner. 

The anterior border is fused with the fellow of its opposite side at an angle which 
measures about 90° in the mal es and abou t 120° in the females. It is convex 
anteriorly and concave posteriory; me posTemr-bordir STKIcOUd rounded and is 
prolonged both upwards and downwards and forms the superior and inferior 
horns respectively. The superior hom gives attachment to the lateral thyrohyoid 
ligament whereas the inferior hom is curved medially and presents a facet which 
articulates with the cricoid cartilage. The superior or upper border is convex in front 
and concave behind and gives attachment to the thyrphyoidjjembrane. Posteriorly 
a little in front of the superior horn it presents a smaff tubercle known as the superior 
thyroid tubercle. The inferior border is concave posteriorly and straight anteriorly and 
at the junction between the two parts is a small tubercle, the inferior thyroid tubercle. 
The inferior border gives attachment to the cricothyroid ligament and the cricothy- 
roid muscle. 

The outer surface is concavo-convex and is marked by an oblique line which extends 
from the superior to the inferior thyroid tubercles. The oblique line gives insertion 
to sternothyroid and origin to thyrohyoid and the inferior constrictor muscle of the 
pharynx. The inner surface gives attachment to the vestibular and vocal ligaments 
and to the thyroarytaenoideus, thyrocpiglotticus and the vocalis muscles on either 
side. The angle formed by the two laminae gives attachment to the thyro-epiglottic 
ligament. 

Cricoid cartilage. The cricoid cartilage is situated below the thyroid cartilage 
and its lower border forms the lowest limit of the larynx. It resembles a signet-ring 
in appearance and consists of a quadrilateral plate which lies posteriorly and an 
anterior arch. 

The quadrilateral plate or the lamina of the cricoid cartilage is broad and thick 
and measures from 2-3 cm. in vertical length. It consists of two surfaces, anterior 
and posterior and four borders, superior, inferior and two lateral. Its anterior or 
internal surface is lined with mucous membrane. Its posterior or external surface 
presents a median, vertical ridge which gives attachment to the two fasciculi of the 
longitudinal fibres of the oesophagus in its upper part. On other side of the ridge 
is a depressed area which gives origin to the cncoarytaenoideus posterior. 

The anterior arch of the cricoid is narrow in front and wider behind as it approaches 
the lamina. Its narrow anterior portion measures about 1 /4 inch in vertical diameter. 
From either side, anteriorly, it gives origin to cricothyroideus, and posteriorly, it 
gives origin to the inferior constrictor muscle of the pharynx. On each side at the 
junction of the lamina with the arch is a circular facet for articulation with the 
inferior hom of the thyroid. 

The lower border of the cricoid is horizontal and is connected with the highest 
ring of the trachea by the cricotracheal ligament. The upper border is directed obli- 
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qudy upwards and backwards. Its anterior part gives attachment to the trice- 
vocal membrane and the cricoarytaenoideus lateralis; posteriorly it presents a median 
notch and an oval convex area on cither side which articulates with the base of the 
arytaenoid cartilage. 

Arytaenoid cartilages. The arytaenoid cartilages are placed on the upper 
border of the lamina of the cricoid on the posterior part of the larynx. Each is 
pyramidal »n <h3 pc and consists of three surfaces, a base and an apex. 

The base is concave and articulates with the upper border of the lamina of the 
cricoid. Its poHtero-lateral end forms a muscular process which gives insertion to 
cricoaryUenoideus posterior behind and the cricoarytaenoideus lateralis in front. 
From its anterior part a short process projects horizontally forwards and is known 
as the r o ral process w hich gives attachment to the vocal ligament. Its apex curves 
backwards' and medially and articulates with the comiculate cartilage. Its surfaces 
are posterior, anterolateral and medial. The posterior surface is concave and u 
covered by the arytaenoideus transversus. The anlero-latcral surface is convex and 
w maiked by an irregular ridge. In the lower part, this ridge intervenes between 
mo depressed areas, upper and lower. To the upper area the vestibular ligament u 
attached while the lower one gives attachment to the local ligamen t and to the crieo* 
arytaenoideus lateralis. The medial surface is flat ana smooth and is covered by 
mucous membrane. 

Comiculate cartilages. The comiculate cartilages are two small conical 
nodules ot yellow elastic cartilage and each is contained within the aryepiglottie fold 
being placed at the apex of the arytaenoid card age. 

Cuneiform cartilages. They also form two small nodules of yellow flash? 
cartilage and are contained within the aryepiglottie fold supcro-latcral to the 
comiculate cartilage. 

Joints of the larynx. The a* ticulation between the inferior horn of the thyroid 
and the cricoid a a synovial joint and each is enveloped by a capsular ligament 
which is lined internally by synovial membrane. Rotatory movements are permitted 
in this joint. The articulations between the base of the arytaenoids and the cricoid 
cartilage arc also synovial joints. Gliding and rotatory movements arc permitted 
in these joints. 

ligaments or the larynx. The ligaments of the larynx may be subdivided 
into extrinsic and intrinsic ligaments. The extrinsic ligaments arc those which 
connect the upper and lower parts of the larynx with the adjacent structures while 
the intrinsic ligaments connect the different cartilages of the larynx to one another. 

Extrinsic ucasiexts. The extrinsic ligaments are the thyrohyoid membrane, 
lateral and median thyrohyoid ligaments and the crico-tracheal ligament. 

TJproJnfHif membrane. It is a broad fihro-elastic membrane which connects 
the thyroid cartilage with the hyoid bone. Inferiorly it is attached to the upper 
border of the thyroid cartilage in front of the superior horns and superiorly it ** 
attached to the upper border of the posterior surface of the body and the greater 
cornu of the hyoid bone and is separated from the body of the hyoid by a bursa. 
Opposite the median plane it is thickened to form the median thyrohyoid ligament, 
On either sides it is comparativly thin and is pierced by the internal laryngeal nerve 
and the superior laryngeal vessles of which the latter lies below the former. E*te r * 
nally it is partially covered by the infrahyoid muscles and internally it is lined by 
mucous membrane. 

Lateral thyrohyoid ligament. It forms the posterior border of the thyrohyoid 
membrane and U cord-like. It connects the tips of the superior horns of the^ thyroid 
with the tips of the greater horns of the hyoid bone. Within the folds of this ligament 
sometimes there is a small nodule of cartilage known as the tariilagt tritkea. 

• ffjeepigtattie ligament. It connects the hyoid bone svith the epiglottis. 
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Crico-iracheal ligament. It connects the lower horder of the cricoid cartilage 
with the first ring of the trachea and is continuous below with the fibrous membrane 
that invests the rings of the trachea together. 



Intrinsic ligaments. Underneath the mucous membrane of the larynx is a 
broad fibro-ilastic membrane, the elastic membrane of the larynx which connects the 
different laryngeal cartilages together. On either side it is subdivided into upper 
and lower parts by the interval between the vestibular and vocal ligaments. Its 
upper part extends between the arytaenoid cartilages and the epiglottis and is ill- 
denned. Its lower part is well-defined and is known a3 the erica-vocal membrane 
which connects the cricoid, thyroid and arytaenoid cartilages together. 

Orica-vocal membrane. The crico-vocal membrane consists of an anterior and two 
lateral parts. The anterior part or the crico-thyroid part connects the cricoid and 
the thyroid cartilages. Externally on either side it is overlapped by the crico- 
thyroid muscles and opposite the median plane it is subcutaneous. It is transversely 
crossed by the arterial arch formed by the anastomosis of the crico-thyroid branches 
of the superior thytfjid arteries. Twigs from this arch pierce the ligament. Inter- 
nally it is lined by the mucous membrane of the larynx. The lateral part of the crico- 
vocal membrane is thinner and extends upwards and medially from the inner edge 
of the superior border of the cricoid cartilage. Anteriorly it is attached to the deep 
surface of the thyroid angle and posteriorly to the inferior surface and to the tip of 
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the vocal process of the arytaenoid cartilage. In between the anterior and posterior 
attachments the intervening crico-vocai membrane is thickened to form the mil 
ligament. 

Vestibular ligament. They are two in number and each is contained within the 
vestibular fold of mucous membrane. Each is attached anteriorly to the deep 
part of the angle of the thyroid cartilage immediately below the thyroepiglottic 
ligament and posteriorly it is attached to the antero-Iateral surface of the arytaenoid 
cartilage a little above the vocal process. 

^ Vocal ligaments. They are also two in number and each b contained within 
the vocal fold. It is formed by the upper border of the crico-vocai membrane and 
is attached anteriorly to the thyroid angle and posteriorly to the vocal process of 
the arytaenoid cartilage. 


Cavum laryngis. The cavity of the larynx extends from the laryngeal inlet, 
by means of which it communicates with pharynx, to the lower border of the cricoid 
cartilage where it is continuous with the trachea. It b incompletely divided into 
three compartments by two pairs of mucous folds situated one above the other and 
projects transversely into the cavity of the larynx. The upper pair of mucous folds 
b known as the vestibular folds whereas the lower pair b known as the vocal folds. 
The portion of the larynx extending from the laryngeal inlet to the vestibular folds 
b known as the vestibule or the upper subdivision of the larynx; the portion between 
the vestibular and vocal folds b known as the middle subdivision of the larynx and the 
portion below the vocal folds constitutes the lower subdivision of the larynx. ~ 
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Tig. 732. The cavum laryngis. 


•ictorm This is the upper subdivision 

jncvorm of the larynx and intervenes 

rrtiiage between the laryngeal inlet or 

jRNicoiATe the upper opening of the larynx 

Carthage antflUhe vestibular folds. Its 

stmular fold upper part b wider than its . 

transverse lower part. It b bounded in 

rtNoiDHusciE front by the epiglottb and the 

>cal roLo thyroepiglottic ligaments, both 

of which are covered by mucous 
hcoid cartilage membrane. Posteriorly it is 
bounded by that portion which 
lies in between the arytaenoid 
cartilages. On either side it is 
bounded by the ary-epiglottic 
fold. On the ary-epiglottic fold 
there arc two small rounded 
T>1 . , elevations situated one in front 

H ' of the other and are formed by 

the cuneiform cartilage in front 
and the comicula'e cartilage 
behind. The vestibule com- 
municates below with the 
middle subdivision of the larynx 
and above with the pharynx 
through the laryngeal inlet. 


Middle subdivision of the larynx. The middle subdivision of the larynx lies in 
between the vestibular folds above and the vocal folds below. The fissure in between 
trie two vestibular folds b known as the raw vestibuli and that between the vocal 
folds is known as the rima glottidis. The pocket-like recess on the lateral wall of the 
between the vestibular and the vocal folds b known os the sinus if the larynx. 
A blind diverticulum from the upper part of the sinus extends upwards between 
the vestibular fold and the inner surface of the thyroid cartilage and b known as the 
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saccule of the larynx. This saccule of the larynx contains numerous glands which 
pour out their secretions into the sinus of the larynx and always keeps the vocal 
folds lubricated. The middle subdivision of the larynx communicates below with 
the lower subdivision. 

Rima glattidis, It is the fissure between the vocal folds and the arytaenoid 
cartilages. The portion intervening between the two vocal folds constitutes the intra- 
membranous part of the rima glattidis while the portion between the two arytaenoid 
cartilages with its vocal processes constitutes its intra-cartilaginous part. In the 
male it measures about one inch in length, and in the females, three-fourth inch. 
The rima glottidis is the narrowest part of the larynx and the fissure changes its 
shape and form during phonation and respiration. When the two vocal folds are 
approximated (adducted) high-pitched sounds are produced whereas when they 
are dilated (abducted) low-pitched sounds are produced. 

Lower subdivision of the larynx. The lower subdivision of the larynx lies below 
the vocal folds and extends up to the lower border of the cricoid cartilage. It is 
elliptical in shape at its upper part and is more or less rounded below. It communi- 
cates below with the trachea. 

Mucous membrane of the larynx. The mucous membrane of the larynx 
is continuous above with the mucous membrane of the pharynx and mouth and 
below with the mucous membrane of the trachea. Over the lingual or anterior 
surface of the epiglottis and along the aryepiglottic folds and below the vocal folds 
it is loosely attached and there is an underlying areolar layer. Over the laryngeal 
or posterior surfaces of epiglottis and the cuneiform and arytaenoid cartilages it is 
firmly attached to the underlying cartilages and there is absence of the submucous 
layer. Along the vocal folds it is very thin and is firmly adherent to the underlying 
tissue and there is no submucuous layer. 



Fig. 733. Schema of the dutribulion of the recurrent laryngeal nave. WA bad 
permission from Prof. HoMnsbead Fh.D., Anatomy for the Surgeons, Vol. I, Paul B. tfoeber Inc. 

Along the aryepiglottic and the vocal folds it is covered by stratified squamous 
epithelium but over the rest of its extent it is ciliated columnar. Taste-buds like 
bodies arc found over the aryepiglottic folds, laryngeal surface of the epiglottis, 
medial surface of the arytaenoids and over the vestibular folds. Except over the 
vocal folds mucous glands are numerous and they are abundantly present over the 
saccule of the larynx. 
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AJ5. Ocdtjna of ilic glottis cannot spread into the vocal folds because of the mucous man braise 
being firmly adherent to the undcrl)ing tissue and the absence of Uic submucous layer in this situation. 
The oedema usual!) affects those portions where the mucous membrane is loosely attached to the 
undcrl>ing cartilage tlirough the medium of a sub-mucous lajer, that is, over the lingual surface of the 
epiglottis, the aryepiglottic folds and over the lower subdivision of the larynx. 

Muscles of the larynx. The muscles of the larynx may be subdivided into 
extrinsic and intrinsic group of muscles. 

The extrinsic group of muscles consist of suprahyoid and infrahyoid muscle 
and have already been described. The following are the intrinsic muscles of &e 
larynx. 


(1) Cricothyroideus, pars oblique and pars recta. 

(21 Cricoarytaenoideus lateralis. 

(3) Cricoarytaenoideus posterior. 

(41 Arytacnoideus transversus. 

(5) Arytacnoideus obliquus. 

(6) Arycpiglotticus. 

(7) Thyrcoarytaenoidcus. 

(8) Vocalis. 

(9) Thyreoepiglotticus. 

Cricothyroid. It is triangular in form and arises from the anterolateral 
aspect of the cricoid cartilage. Its fibres are grouped into straight and oblique 
parts. The straight fibres are inserted into the lower border of the thyroid cartilage 
while the oblique fibres are inserted into the anterior border of the inferior horn of 
the thyroid cartilage. 

Cricoarytaenoideus lateralis. It is a small muscle which arises from the 
tipper border of the arch of the cricoid and ascending upwards and backwards it i* 
inserted into the arytaenoid cartilage in front of its muscular process. 


Cricoarytaenoideus posterior. It arises from the depression on either 
side of the ridge on the back of the lamina of the cricoid and ascending upwards 
and laterally it is inserted into back of the muscular process of the arytaenoid. 



Arytacnoideus transversns. This is the only unpaired muscle of the larynx 
and bridges the gap between the two arytaenoid cartilages posteriorly. It extends 
between the muscular processes of the two arytaenoid cartilages. 
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Arytaen oideus obUqmis. It lies superficial to the preceding muscle and 
consists of two fasciculi which cross each other like the letter. “X”. Each fasciculus 
extends from the back of the muscular process of one arytaenoid cartilage to the 
apex of the cartilage of the opposite side. Some of the fibres from the apex ascend 
into the aryepiglottic fold and form the aryepightlicus muscle. 



Thyroarytaenoideus. It consists of lateral and medial portion*. The 
lateral portion arises from the lower half of the inner surface of the thyroid lamina, 
from the outer aspect of the crico-vocal membrane and passing upwards, back- 
wards and laterally it is inserted into the antero-Jateral surface of the arytaenoid; 
some of its fibres are prolonged into the epiglottis to form the thjro-epiglatlkus. 

The medial portion is deeply situated and arises from the lower part of the thyroid 
cartilage and is attached to the lateral aspect of the vocal process of the arytaenoid. 
This band is called the Vocalis. 

Actions of the laryngeal muscles. The extrinsic muscles of the larynx are 
mainly concerned with the upward and downward movements of the larynx as a 
whole. The suprahyoid muscles are concerned in elevating the larynx and the 
trachea while the infrahyoid muscles are concerned in depressing the same. 
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The intrinsic muscles of the larynx act in such a way that they regulate the condi- 
tion of the rima glottidis by which they effect in producing sound and modify ia 
pitch. In executing this action they either make the vocal folds tense or relax or 
they either adduct or abduct the same. Their actions are summarised as follows: 

Adductors of the vocal folds: 

(1) Cricoarytaenoidei lateralis. 

(2) Arytaenoideus transversus. 

(3) Arytaenoideus obliquus. 





Fig. 736. The different formi or the rima glottidis by the action of the laryngeal muscles. 1 

(1) Abduction of the rima glottidis A— B. 

(2) Adduction or tbe rima gloftidu A — B , 

(4) Partial closure of glottidis. Both vocal folds and arytaenotd P>rt<- | 

Tages are 'in adduction. I 

Abductors of tht local folds: 

Cricoarytaenoidei posteriores. i 

Tensors of the vocal folds: 

r Cricothyroidei muscles. 

Relaxation of the vocal folds: 

By thyroaretaenoidei and vocalis muscles. 

Vascular supply of the larynx. The arteries supplying the larynx are the I 
superior and inferior laryngeal arteries. The superior laryngeal artery is a branch 
of the superior thyroid artery and enters the larynx by piercing the thyrohyoid | 
membrane below the internal laryngeal nerve. It anastomoses with the inferior 
laryngeal artery within the larynx. The inferior laryngeal artery arises from the 
inferior thyroid artery and accompanying the recurrent laryngeal nerve it enters 
the larynx where it anastomoses with the superior laryngeal artery'. 
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The superior and the inferior laryngeal veins open into the superior and inferior 
thyroid veins respectively. 

Lymphatics of the larynx. The lymphatics of the larynx consists of superior 
and inferior groups of lymph vessels. The superior group of lymph vessels drain, 
the larynx above the rima glottidis and they pierce the hyotbyroid membrane and 
end in the upper deep cervical lymph nodes. The inferior group of lymph vessels 
drain the larynx below the rima glottidis and piercing the cricothyroid membrane 
they end mainly in the lower deep cervical lymph nodes and partly into the prelaryn- 
geal lymph nodes. 

The prelaryngeal lymph nodes. They lie on the median portion of the cricothyroid 
membrane in between the two cricothyroid muscles and they form a group of one 
or two small lymphatic nodules. In addition to the lymphatics draining the larynx 
below the rima glottidis they receive lymph vessels from the upper part of the 
trachea and from the upper part of the isthmus of the thyroid gland. Their efferents 
either pass into the lower deep cervical lymph nodes or to the pretracheal group of 
lymph nodes. 

Nerve supply of the larynx. The nerves supplying the larynx consist of 
motor and sensory nerves and the sympathetic filaments from the superior cervical 
ganglion which accompany the superior laryngeal nerve. 

Motor nerves. The recurrent laryngeal nerves are the true motor nerves of the 
larynx and they supply all the muscles of the larynx except the cricothyroideus 
which is supplied by a branch of the external laryngeal branch of the superior laryn- 
geal nerve. The arytaenoideus has got double nerve supply and it is supplied by a 
branch from the internal laryngeal branch of the superior laryngeal nerve in addition 
to the recurrent laryngeal nerve. 

Sensory nerves. The internal laryngeal nerves are the true sensoiy nerves of 
the larynx and they supply both the surfaces of the epiglottis , the aryepiglottic folds 
and t he mucous membrane of the larynx as,far as thevocaTfolds. "Below the vocal 
folds the mucous membrane of the larynx is supplied by the recurrent laryngeal 
-nerves, which arc sensory in this part. ~ — — v 

N.Bj— It is evident from the nerve supply of the larynx that the recurrent laryngeal, though a 
true motor nerve, supplies some sensory filaments to the larynx and the internal laryngeal nerve, though 
a true sensory nerve, provides some motor filaments to the larynx. The reason for this peculiar nature 
of the nerve supply is that within the larynx the two nerves, that is, the recurrent laryngeal nerve and 
the Internal laryngeal nerve break up into a plexiform network and interchange their fibres with each 
other, and as a result, the recurrent laryngeal receives some filament from the internal laryngeal nerve 
and the internal laryngeal receives some motor filament from the recurrent laryngeal nerve. 


Development of the larynx. The larynx forms the upper part of the respi- 
ratory system which develops from th e median ventral diverticulum of t he foregut 
which at first arise as a groove known as the tracheobronchial groove. The distal 
portion of the foregut below the diverticulum rapidly lengthens to form JX narrowed 
lumen (oesophagus). Later on, two longitudinal grooves, one on each side, appear 
with corresponding ridges internally. With further growth the grooves deepen 
and the ridges approach each other and gradually fuse together from below upwards 
except superiorly where a communication exists between the respiratory system 
and the foregut. It is due to developmental anomallies that the fusion is incomplete 
and the larynx or the trachea may communicate with the oesophagus by abnormal 
openings. 

The lining epithelium and the mucous glands develop from the diverticulum 
whereas the muscles of the larynx develop from the mesoderm of the ventral aspect 
of the foregut. The epiglottis develops from the hypobranchial eminence and the 
atytaenoid cartilages from the arytaenoid swelling on the ventral aspect of the pharynx. 
The other cartilages of the larynx develop from the branchial mesoderm surrounding ,/ 
the upper part of the respiratory diverticulum. 
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Piriform fossa or recessus piriformis. The piriform fossa h a small 
iccess situated on each side of the laryngeal orifice. It is bounded medially by the 
aryepiglottic fold ; laterally by the inner surface of the lamina of the thyroid cartilage 
and the thyrohyoid membrane. Covered by mucous membrane, and lying under 
cover of the same, in this situation, is the internal laryngeal nerve. 

The presence of the piriform fossa facilitates the movements of the epiglottis 
and the larvnx; it is a catch point for foreign bodies, 

THE TRACHEA AND THE BRONCHI 

The track/ a or the windpipe is a fibto-musculo-eartilaginous tube which carries 
(Xflr to— and from the lungs. It is roughly cylindrical with a flattened, membranous 
posterior wall and forms a tube which maintains its patency all the time. 

Commencement, Course 
and termination. It begins in 
the neck as a direct continuation 
of the larynx at the lower border 
of the cricoid cartilage opposite 
the let cl of the , 51 x 1)1 cervical 
vertebra and coursing vertically 
dots nu ards through the lower part 
of the front of the neck it enters 
into the thorax \s through the cwcoio CAm>cr 
thoracic inlets In the thorax it 
runs downwards through the 
superior mediastinuVff* and finally 
ends by dividing into righWnd 
IcTV'bronchi opposite the level of 
the lower border of the fourth 
thoracic vertebra. In its course 
downwards it is usually placed in 
the middle line except opposite its 
point of bifuriation where it lies 
a little to the right of the median 
plane. As it traverses through 
both the neck and the thorax, for 
descriptive purposes, it is divided 
into a cervical part and a thoracic 
part. " " ‘ 

Measurements in the adult: 

Length . . „4-5 _ inches 

Breadth .. 1/2 an inch 

approximately. 

In the females it is slightly 
smaller in length as well in its 
diameter. In the children it is 
proportionately smaller. 

Relations. Cervical part. The 
cervical part of the trachea forms 
its most superficial part and can 
be felt easily without any diffi. 
cult)'. 

Anteriorly it is covered by skin, 
superficial fascia, platysma and 
. X> fascia and is overlapped by the st ernoh yoid and sternot hyro i d musc les. The is* 
^ thmus ofthetjaggi d gland crosses it t ransvenOV deep to the precedingmusclcs opposite 



Fig. 737. The front view of the larynx with thyrsi 
gland and the trachea with tlie bronchi. 
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the second, third and fourth tracheal rings. Above the isthmus is the anastomosing 
loop formed by the anastomosing branches of the two superior thyroid arteries. 
Below the isthmus it is in relation to the inferior thyroid vein and the remains of the 
thymus gland. Posteriorly it is related to the oesophagus which separates it from th e. 
. vertebral column and the longm ccrvicis muscle . The r ecurrent laryngeal neryy s, 
one on each side, ascend in the groove between the traclTe a and oesophagu s. On 
either side the trachea is related to the common carotid and ipferinFi twioid arteries 
and the lobes of the thyroid gland. 

Thoracic part. The thoracic part of the trachea passes downwards through 
the superior mediastinum and is related, above and in front, to the manubrium 
stemi, origins of sternohyoid and sternothyroid muscles. Below and in front it is 
related to the arch of the aorta, left common carotid and brachiocephalic or^ 
innominate arteries, and the left, brachiocephalic (innominate) vein, 'It is also 
related to the deep part or the cardiac plexus of nerves and some lymph nodes. 

Posteriorly the trachea is related to th e, oesophagu s which separates it from the 
vertebral column and the longus cervicis muscles. 

On (he right side arc the brachiocephalic or innominate artery, the arch of the 
azygos vein, the right lung and pleura and the right vagus nerve. 

On the tejl side it is related to the left common carotid and the left subclavian 
arteries, the left side of the arch of the aorta and the left recurrent laryngeal nerve. 


K.B . — rn the children the Innominate artery crosses m front of the cervical part of the trachea 
opposite the upper border of the manubrium ttcrnl. The arierta thyroid ima. when present he, in 
front of it in the cervical region. The innominate and left common carotid arteries at first lie in 
front of the thoracic part of the trachea, and later on, owing to their divergence from each other, the 
innominate comes to the right and the left common carotid to the left. The left recurrent laryngeal nen e 
at first lies between the arch of the aorta and the left side of the trachea and then ascends tn the groom 
between the trachea and the oesophagus. 


Artery supply. The trachea is supplied by branches from the inferior thyroid e— 
artery. 

The veins open into the thyroid venous plexus.*/ 

Lymphatics. The lymph vessels draining the trachea end in the pretracheal 
and paratrachcal group of lymph nodcs^/ 

Nerve supply. The nerves supplying the trachea are derived from the vagu s, 
sympathetic and the recurrent laryngeal nerves. 

Development. The trachea is a foregut derivative and begins as a tracheal 
groove which appears immediately behind the hypobronchial eminence. The 
tracheal groove is soon converted into a diverticulum which invades the splanchnic 
mesoderm intervening between the pericardium in front and the foregut behind. 
This diverticulum is the primitive trachea and at about 5 mm. stage it becomes 
bifid at its caudal part and forms the primodia of the primary bronchi. Each of 
the primary bronchi later on forms the lung bud from which lung develops. 


The Bronchi. The trachea terminates by dividing into right and left bronchi 
opposite the lower border of the f ourth thorari ej/ertebra. Eac h .bronchus a fter 
a short cours£jm te n in to the lungjit its hiJus”ahtHlivid«*and sub-divides into finer (. 
ranuficatKmTwithm the lung and ultimately "each of these finer ramifications ends 
by communicating with a group of, thin-walled air spaces, th e June alveoli, through 
a common chamber. Thus each of the bronchi takes a snort extra-pulmonary course 
and a longer inlra-pulmonary ramifications. 


The right bronchus. Extra-pulmonary course and relations. The right bronchus 1 
begins at the bifurcation of the trachea opposite the level of the lower border of the 
fourth thoracic vertebra and ends by dividing into eparterial and hyparterial bronchi 
at the lulus of the lung opposite the level of the fifth thoracic vertebra where they ' 
take onto their, intra-pulmonary, course, . It measures about one inch in length and 
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is wider, shorter and more vertical than the left and consists of six to eight incomplete 
cartilaginous rings like the trachea. It is directed downwards and to the right 
and in its course it passes behind the ascending aorta and the right pulmonary artery. 
The arch of the azygos vein is related posterior to it. • * . . 

The e parte rial or the lobar bronchus lies above the level of the pulmoiury 
artery and forms the lobar, or secondary bronchus for the upper lobe of the right 
lung. It measures about 1 l/t inch in length and arises from the lateral aspect of the 
right bronchus and soon enters into the substance of the lung. 

The hyparterial bronchus lies below the pulmonary artery and forms, the 
lobar or secondary bronchus for the middle and the lower lobes. About 3/4 inch 
‘.from its origin it gives out a branch to the middle lobe of the right lung and then 
descends downwards, backwards and laterally for about 3/4 inch to enter into the 
substance of the lower lobe. Below the origin of the bronchus to the middle lobe 
the hyparterial bronchus gives out an apical bronchus which is distributed to the 
upper part of the lower lobe. - 

Inlra-pulmonary ramifications. The epartcrial or the secondary bronchus, divides 
into three tertiary or lobular bronchi, apical, posterior (sub-apical) and anterior or 
pectoral. The apical bronchus passes upwards and backwards to the apex 6f the lung. 
The posterior (sub-apical) bronchus is directed backwards and upwards and divides 
into lateral and posterior branches each of which again divides into upper and lower 
branches which are distributed to the posterior-partu3f.thc-uppcr.iobe. The anjer ior 
or pectoral bronchus runs downwards and forwards to be distributed jo thc rest oT - the 
upper lobe. Soon after its origin it gives out lateral and anterior branches' which 
are distributed as above.- 

The middlc-lobe-bronchus divides into two tertiary or lobular bronchi, medial 
and lateral.- The lowcr-Iobe-bronchus divides into five tertiary or lobular bronchi, 
apical, anterior basal, posterior basal, lateral (axillary) basal and medial basal 
(cardiac). 

The left bronchus. Extra-pulmonary course and relations. It measures about 
2 inches in length and is longer, narrower, more oblique than the right and consuls 
9-12 incomplete rings. It begins at the bifurcation of the trachea opposite the level 
of the lower border of the fourth thoracic vertebra and ends at tne hilus of the 
lung opposite the level of the sixth thoracic vertebra. It runs downwards and to 
the left from below the arch of the aorta and crosses in front of the oesophagus, 
thoracic duct and the descending thoracic aorta. The left pulmonary artery at 
first lies above it and then in front of it. It does not provide any epartcrial bronchus. 

At the hilus of the lung the left bronchus divides into two branches — upper and 
low er. The upper branch is distributed to the upper lobe while the lower is distribu- 
ted to the lower lobe. 

Inlra-pulmonary ramifications. The upper lobe bronchus divides into upper 
and lower branches. The upper branch after a short course of about 1 cm. gives out 
an anterior branch and then ascends further upwards to terminate by dividing into 
epical and posterior branches. Their further subdivisions are identical with those on 
the right side. The lower division of the ujjper lobe bronchus is known alternatively 
as the lingular bronchus which ^distributed to the lower and the anterior part of 
uppw' lobe. It gives out a small lateral branch and then divides into superior and 
inferior lingular branches. , 

The lower lobe bronchus on the left side is distributed exactly In the same 
way as on the right side except that it has no medial basal branch (cardiac). 

Thus it appears that the primary or the main bronchus divides into secondary 
or lobar bronchi and each lobar or secondary bronchus sub-divides into tertiary 
bronchi or the bronchi of zonal distribution. Each tertiary bronchus with its ramifica - 
hoar end tae Jung alveoli in connection with them form the individual respiratory district or 
'joule which ir an independent functional unit of the lung having its own blood vessels, nerves, 
lymphatics and connective tissue investment and is known as the bronchopulmonary segment. 
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Each bronchopulmonary segment is surrounded by connective tissue investment 
which is continuous with the connective tissue of the viscera! pleura together with 
the blood vessels, nerves and lymphatics and forms the independent respiratory 
district for the Jung. Each tertiary bronchus divides into several bronchioles which 
further ramify into terminal bronchioles whose number vary from 50*80 in a lobule. 
Each terminal bronchiole divides into one, two or more respiratory bronchioles; the 
respiratory bronchioles ramify into alveolar ducts whose number vary from 2-11. 
The alveolar ducts finally terminate into the alveolar sacs and the alveoli. Thus to 
summarise the order of the successive divisions of the bronchial tree arc primary 
bronchus, secondary bronchus, tertiary bronchi, bronchioles, terminal bronchioles, 
respiratory bronchioles (having a diameter 0.5 mm.), alveolar ducts and alveolar 
sacs and alveoli. 

A respiratory bronchiole with its alveolar ducts and the associated alveolar sacs 
and alveoli together with their blood vessels, nerves, lymphatics and connective 
tissue constitutes a lung unit. 

Differences between the intra- and the extra-pulmonary bronchi. 
The extra-pulmonary bronchi are not strictly cylindrical and they have flattened 
membranous posterior walls due to the deficiency of the cartilaginous ring-framework 
which form the skeleton of the bronchi. The plain muscle fibres do not surround 
the tube but they partially occupy in the posterior part. The intra-pulmonary 
bronchi are cylindrical because they are surrounded all around by irregularly placed 
cartilaginous plates; thus the cartilaginous plates replace the cartilaginous rings 
within the lung. The plain muscle fibres completely surround them in an irregular 

E attcm; moreover the cartilages completely disappear when the diameter of the 
ronchiolc measures 1 mm. 

Main bronchopulmonary segments. Right lung. The right lung consists 
of 10 main bronchopulmonary segments and they ate distributed as follows: — 

Upper lobe. 3 Bronchopulmonary segments — Apical, anterior and posterior, v ^ 
Middle lobe. 2 Bronchopulmonary segments — medial and lateral. 

Lower lobe. 5 Bronchopalmonary segments — Apical, medial, lateral, anterior 
and posterior basal. 

Left lung. The bronchopulmonary segments of the left lung are distributed 
as follows; — 

Upper lobe. 5 Bronchopulmonary segments — Apical, anterior, posterior, superior 
and inferior lingular. 

Lower labs, 4 Bronchopulmonary segments— Apical, anterior, posterior and 
lateral basal. 

Applied Anatomy. The bronchopulmonary segments are surgical units and 
therefore they are resectable surgically. They are greatly concerned in the occurence 
and spread of the diseases in the lung. Some of the infective diseases remain confined 
to an individual segment while some others such as the tuberculosis. of the lung 
breaks through the segmental barrier to spread to the adjacent segment Carcinoma 
of the lung also breaks through the segmental barrier. The knowledge of the topo- 
graphical directions of the bronchi is utilised in postural drainage and in lipiodol 
injection for a siagraphy for diagnostic purposes. The middle lobe bronchus becomes 
frequently compressed by the surrounding enlarged lymph nodes or by other external 
pressure. The lateral and the posterior bronchopulmonary segments in the upper 
lobe are the frequent sites for lung abscess. 

Structure. The trachea and the extrapulmonary bronchi are similar in 
structure and their skeletal framework is formed by a set of interrupted and in- 
complete cartilaginous rings which are sandwitched between two layers of fibrous 
membrane containing variable amount of muscular and elastic tissues, and the 
tubular structure thus formed is covered internally by mucous membrane having a lining of 
columnar ciliated epithelium. 
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The incomplete cartilaginous rings of the trachea - vary in number from 1 6 to 2 1 
and structurally each of them is a hyaline cartilage. Each cartilaginous ring fona 
a little more than two-thirds of a circle and is deficient posteriorly and thus th 
trachea appears to be flattened posteriorly. The posterior deficiency is bridge 
over by a membrane of fibro-muscular tissue. Each ring is flattened external! 



but is convex internally; at one end or the other some of the cartilages may be seen to 
' * /'"* cartll ' a £‘' l °us ring is broader and complete and is connected to 

"tcotracheal ligament and occasionally it is partially continuous with 
hL? SX a *fi The last t r . ,n J u ada P ted the bifurcation of ike trachea and presents a 
fordn? P ’ tb ‘ Car,na ‘ WhKh tWVeS backwards and upwards from the middle of its lower 

thr t Shifts 'be trachea form txso tubular sheets which enclose 

Tinri nn^! *$?* bet" ten them. Posteriorly between the ends of the tracheal 
fmfin rnJ! m , tC V aI beh A'H en thc adjacent rings the two fibrous membranes 
cross oarh u ^Tiey consist of collagenous and elastic fibres which 

Striated m nu-t» fit l ° ^“nbrane. They contain variable amount of non- 

!nml?fit b n bc vfcn them posteriorly which consist of longitudinal and 
to the longitudina^fibr«. mVCrTC ™ (trac ^ alis muscIe ) are deeper or internal 

mrinhnnf'ilH wmiraw consists of areolar type of connective tissue, basement 
Sa^Hvrr C ° !um ? ar « b . a , te d epithelium from without inwards. The 

IVw tyH’Pboid tissue and the mucous secreting glands and a 

^ Cbra "” !ch >“ dre P ■» the basement membmne. 

*„f,? nU M US f 051 th , crc ” a I««c connective tissue layer the submucous 
layer which contams blood vessels, nerves and lymphatics. 
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THE PLAN OF THE THORACIC CAVITY 

The cavity enclosed by the ribs with their cartilages, the sternum and the 
thoracic vertebrae, as viewed in the skeleton, in othenvords the cavity of the thoracic 
cage, is seen to be “open” below so as to form a continuous thoraco-abdominal 
cavity. In the recent state, the diaphragm muscle is seen to form a musculo-tep dia- 
0113 partition which subdivides 
the continuous thoraco-abdo- 
minal cavity into two com- 
partments, upper thoracic 
cavity and lower abdominal 
cavity. The skeletal deficien- 
cies of the thoracic wall, that 
is, the intercostal spaces, are 
bridged over by soft tissues and 
the walling attains its perfec- 
tion by the pleural membrane 
which makes a continuous inner 
lining of the thoracic walls in 
each half of the thoracic cavity 
and then spread between the 
anterior and the posterior 
walls separately, either directly 
or indirectly, maintaining the 
continuity all the time in each 
half of the thoracic cavity. 

Thus two -pleural sacs are 
formed, one on each side, com 
pletely separated from each 
other and dosed on all sides. 

The two pleural sacs are form- 
ed, one on each half of the 
thoracic cavity, which are oriented in such a fashion that they become closer 
to each other both anteriorly as well as posteriorly but they are separated from 
each other by wide intervals in the intermediate positions where they enclose the 
heart. Thus the two pleural sacs, one on each side, enclose _ a space between 
the mediastinum, a provisi on which makes room for the heart with its great vessels, for 
them,' and a thorougKlarc for the structures going up and down. Thus the thoracic 
cavity is subdivided into right and left pleural cavities, into which the corresponding 
lung is invaginated from the medial side, and the mediastinum. 

The pleural cavities. Each pleural cavity is a closed compartment within 
each half of the thoracic cavity and is outlined by a serous membrane known as the 
pleura and the space within the cavity is almost fully occupied by the corresponding 
lung which is invaginated into it. 

Boundary. Each cavity is bounded in front by the pleura covering the inner 
aspect of the costal cartilage and the lateral portion of the sternum. Posteriorly 
it is bounded by the pleura covering the inner aspects of the ribs and intercostal 
muscles medial to their angles. Inferiorly it is bounded by the pleura covering the 
corresponding cupola of the diaphragm, medialy by pleura covering the bodies of the 
thoracic vertebrae and the mediastinum and laterally it is bounded by the pleura 
covering the inner aspects of the ribs and intercostal muscles lateral to the angle 
of the ribs. 

.The recesses oj tke pleural cavity. From the medial side, the corresponding lung 
invaginates into the pleural cavity which is almost fully occupied by it. Thus the 
pleura which outlined the walls of the pleural cavity also invests the lung and then 
covers the structures of the lung root from in front and behind and is thus subdivided 
into pulmonary or viscera! and parietal pleurae (See the accompanying diagram) 
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which ate continuous with each other. At certain lines the reflexions of pleura 
between two different walls meet at an acute angle where, normally in quiet respira- 
tion, the margins of the lungs fail to reach and these spaces opposite these acute 
angles are known as plmd reasses. Thus each pleural cavity may be conveniently 
'divided into a main cenity which is occupied by the lung and into pleural recesses where 
the lung fails to reach in quiet or even in deep inspirations. The pleural recesses 
arc relro*oesoph/tgeal , (cslo-diapkragmalic and costo-mediajtinai, These recesses have 
been discribed along with the description of the parietal pleura. 

THE PLEURA 

The pleura is a thin, delicate, serous membrane which invests the lungs as 
well as the inner surfaces of the different walls of the corresponding thoracic cavity, 

Each lung is invaginated into the corresponding pleural sac and for this the 
lung gets an investment from the plcui a. Thus the pleura which outlined the 
different parieties of each half of the thoracic cavity, is seen to cover the lung as well* 
Thus for descriptive purposes the pleura may be divided into visceral or pulmonary 
pleura and into parietal pleura, both of which are continuous with each other. 

Tire Pulmonary Pleura. It almost completely invests the lungs including 
the fissures except the hilum and along the line of attachment of the pulmonary 
ligament. It is inseparably connected with the surface of the lungs and gives it a 
smooth and glistening appearance. 

The parietal pleura has been given different names according^? it covers 
the different walls of the pleural cavity. Thus the portion covering the inner surface 
of the ribs is called the costal pleura, that covering the mediastinum, the mediastinal 
Pleura, and that covering the diaphragm, the diaphragmatic pleura. That portion 
which extends into the neck so as to cover the aepx of the lung is called the cemcal 
pleura. 

Costal Pleura. It covers the inner surface of the ribs and the intercostal 
intimi muscles. It is loosely attached to the inner surface of the ribs that can be 
easily separated from them. Anteriorly, after being attached to the back of the 
sternum it is continuous with the mediastinal pleura. Poster iorly, it covers the 
sympathetic trunk, the posterior intercostal arteries and the vertebral column and 
then is continuous with the mediastinal and the 'pulmonary pleurae. Inferior!^, 
after being attached to the inner surface of the costal cartilages and the ribs, it p 
reflected on to the diaphragm to form the diaphragmatic pleura. Superiorly, it 
is continuous with the cervical pleura. 

Anteriorly, the line of attachment of the costal pleura is as follows: It begins from 
behind the stcrno-clavicular articulation and descends medially and doivnwards to 
the angle of the sternum where both the pleurae come in contact with each other. 
Then they descend in close contact up to the level of the fourth costal cartilage 
beyond which the reflection varies on the two sides. On the right side from this 
level it descends vertically downwards to the back of the xiphoid process of the 
Sternum and then turns laterally and downwards; on the left side from the level o! 
the fourth costal cartilage it curves laterally and downwards lying at a close distance 
from the lateral margin or the sternum to reach the back of the sixth costal cartilage 
from where it curves backwards and laterally. 

Infttiorly, the line of attachment on both sides is almost the same except that the 
' left pleura descends a little more than the right pleura. On the right side from 
behind the xiphoid process it curves backwards and laterally and downwards 
behind the seventh costal cartilage and crosses the tenth rib opposite the mid-axiilary 
line, then ascends backwards and laterally and after being attached to the inner 
surface of the twelfth rib it reaches the level of the spine of the twelfth thoracic 
vertebra and is then reflected on to the diaphragm. On the left side from behind 
the sixth costal cartilage it sweeps backwards, laterally and downwards and the 
, rest of Us course is the same as on the right side. 



vertebra. With k,n4 P«™>”'° n '™ m [To „ ce pag e 912] 

nrawn bv Hr. Paul Peck. 
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Mediastinal Pleura. It covers the lateral aspect of the mediastinum or 
the interpleural space. Anteriorly, it is attached to the back of the sternum where 
it is continuous with the costal pleura. Posteriorly it is fixed in front of the vertebral 
column. Above the root of the Jung it forms a complete septum between the sternum 
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Pig. 740. The structures on the left surface of the mediastinum. With kind permission from 
Callander: Surgical Anatomy: W. D. Saunders Company, Philadelphia and London. 

in front and the vertebral column behind. Opposite the root of the lung it is re- 
flected on to it and is continuous with the pulmonary pleura. Below the root of 
the lung it forms two layers which stretch from the oesophagus to the mediastinal 
surface of the lung and constitutes the pulmonary ligament which ends below in a free 
border. The pumlonary ligament is formed by that portion of the mediastinal 
pleura which stretches from the oesophagus to the mediastinal surface of the lung 
below its root and then is continuous with the pulmonary pleura which again after 
investing the lung and posterior aspect of the root extends to the lateral edge of the 
oesophagus blending with the former and thus constituting the pulmonary ligament. 

Behind the root of the lung and the pulmonary ligament the right mediastinal 
pleura passes to the front of the oesophagus, then behind it and then passes on to the 
front of the bodies of the vertebrae and finally becomes continuous with the costal 
pleura. The left mediastinal pleura similarly invests the oesophagus, covers the 
descending thoracic aorta and then passes on to the vertebral bodies. Extending 
from above the diaphragm upto the level of the fourth thoracic vertebra the right 
and the left mediastinal pleurae meet each other so ap to form a partition between 
the two pleural sacs. In this situation, on each side, the space enclosed by 
the mediastinal pleura behind the oesophagus is known as the retro-oesophageal 
pleural recess. 

On the right side the mediastinal pleura is in relation to the right innominate 
vein, azygos vein, superior vena cava, right phrenic and right vagus nerves, trachea 
and the oesophagus. On the left side it is in relation to the arch of the aorta, left 
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subclavian and the left common carotid arteries, the left vagus and the left phrenic 
nerves and the oesophagus and the trachea. 

Diaphragmatic Pleura. It covers the upper surface of the diaphragm 
Medially it is continuous with the mediastinal pleura, laterally it is continuous 
with the costal pleura. The loner margin of the lung in quiet respiration does not 
reach as low as the lowest limit of the pleural reflection. Thus a recess ousts bttwen 
the reflections of the costal and diaphragmatic pleurae which is called the «jfo- 
diaphragmatic recess. It forms the most dependent part of the corresponding 
pleural sac. 

Cervical Pleura (cupola of the pleura). It covers the apex of the lung and 
extends into the root of the neck. It begins as a continuation of the costal pleura 
from opposite the inner border of the first rib and covering the apex of the lung 
descends downwards and medially on the side of the trachea and is then continuous 
with the mediastinal pleura. The summit of the cervical pleura reaches as high 
as the neck of the first rib and is about 11 inches distant from the junction of middle 
with the medial-third of the clavicle. The cervical pleura is strengthened by a dome- 
shaped expansion of fascia which stretches from the inner border of the first rib to 
the transverse process of the seventh cervical vertebra called the supra-pleunl 
membrane (Sibson’s fascia). Just below the summit the cervical pleura comes in 
direct contact with the subclavian artery. 

Thus it is evident from the distribution of the pleura that it is completely 
invaginating the lung and each half of the thoracic cavity is completely shut ofl 
from the other by the mediastinal pleura and the mediastinum and each pleura 
makes a complete pleural sac into which the lung is itxvaginated being placed outside 
the pleural cavity. 

Costo-diaphragmatic recess or sinus. The costo-diaphragmatic recess is a pocket* 
like blind diverticulum or recess of the corresponding pleural sac and is formed between 
the reflections of the costal and diaphragmatic pleura. It is situated below the 
level of the inferior margin of the lung. In quiet respiration the inferior margin s 
the lung does not extend so far to the bottom of the recess; thus a blind space remain: 
between the inferior margin of the lung and the bottom of the recess which form: 
an additional provision for the lung to expand in limes of need. This recess n 
related below to the medial end of the spleen on the left side, from which it is separated 
by the diaphragm muscle. On the right side it is related below to the bare area ol 
the liver being separated from it by tne diaphragm. It is the most dependent pat] 
of the corresponding pleural sac, hence any pus or fluid accumulating into the pleura 
cavity usually tends to gravitate into this space. It lies opposite to the 10th, 
and 12th ribs. 

Costo-mediastinal recess or sinus. It is a narrow space formed between thl 
reflection of the costal and mediastinal pleura. In normal respiration the thir 
anterior margin of the lung does not reach so far upto this space. 

Structure of pleura. The pulmonary and the parietal pleurae differ frorr 
each other in structure in their details as noted below: 

The pulmonary pleura forms the connective tissue capsule of the lung J* nc 
consist of four layers structurally. The first or the outermost layer is the serous layer 
the second is the collagenous layer, the third layer is the layer of elastic membram 
arK * il? c * oun h or the deepest layer is the sub-pleural aieolar layer. 

jHie outermost serous layer forms a thin membrane of mesothclial cells which res 
on the subjacent collagenous layer consisting of a felt-work of collagenous fibres pre 
□eminently with a few elastic fibres emb«ided in it. The third layer consists o 
r' ^° rcs condense to form a membrane, the layer of elastic membrane. Th 
fourth or the deepest layer overlies lung alveoli and consists of loose areolar tissue 
the sub-pleural areolar layer. Thin septa carrying blood vessels, nerves and lymphatic 
from the sub-pleural areolar layer pass into the lung and incompletely surroum 
the lobules of the luog. 
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The parietal pleura consists of three layers, outer sub-serous layer, consistingof 
areolar tissue, intermediate collagenous layer which con talas some elastic fibres and the 
inner serous layer consisting of raesothelial cells. 

Each lung is invaginated into the corresponding pleural sac and for this the lung 
gets an investment from the pleura. Thus the pleura which outlined different 
parieties of each half of the thoracic cavity, is seen to cover the lung as well. Thus 
for descriptive purposes the pleura mav be divided into visceral or pulmonary pleura 
and into parietal pleura, both of whicn are continuous with each other. 

Vascular and nerve supply. The visceral pleura is supplied by the bronchia! 
artery. The sympathetic nerve supply the visceral pleura. The parietal pleura 
i3 supplied by the intercostal, pericardiacophrenic, musculophrenic and phrenic 
arteries. The nerves are the phrenic and the intercostal. 


THE MEDIASTINUM 


*<r The mediastinum is the region between the two pleural sacs . It is bounded 
on each side by the mediaslmal pleura, m tront by the sternum and behind by the 
bodies of the thoracic vertebrae. 

For the purposes of description it is divided into superior and inferior medias- 
tinums by means of an imaginary plane passing from the sternal angle to the lower 
border of the fourth thoracic vertebra. The latter is further subdivide djnto anterior , 
posterior and middle compartments by the pericardium containing the heart. 

Superior mediastinum. Boundary. It is bounded in front by the manubrium 
stemi, behind by the upper four thoracic vertebrae, laterally by the mediastinal 
pleura, and below by the plane passing from the sternal angle to the lower border 
of the fourth thoracic vertebra. 
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Contents — 

Muscles. Origin of the sternohyoid and sternothyroid and the longus cetvich. 
Arteries. The aortic arch with its three great vessels i.e. brachiocephalic 
(innominate), left common carotid and left subclavian. ^ , , W'* 1 

Veins. The brachiocephalic (innominate) vein, the upper part of the superior . 
vena cava, and the arch of the azygos vein. •/ ,. 

Nentsi The vagus, phrenic, left recurrent laryngeal and cardiac. V . ^ 

Lymphatics. Thoracic and right lymphatic ducts. , ' 

Other structures. Oesophagus, trachea, remains of the thymus gland and lymph v 
nodes. ' 


Middle mediastinum. The middle mediastinum is occupied by the pericar- 
dium enclosing the heart with* Its "bit? vessels; ‘a^UCiRllmi-jona innlrhe pulmonary 
■ tru n k; and th e tCft ~ branChuCfi ~e' nhrenic nerve, and the pencardiacophrenurvessely 
Anterior mediastinum. It is bounded in front by the body of the sternum, 
behind by the pericardium, laterally by the mediastinal pleura, below by the dia- 
phragm and above by the oblique plane. It contains a few loose areolar tissue, stern- 
opericardial ligaments, a few arterial twigs, lymphatic nodes and lymphatic vessels, 

, Posterior mediastinum. It lies behind the pericardium and « bounded 
in front by the pericardium and the posterior surface of the diaphragm, behind by 
l the lower eight thoracic vertebrae, laterally by the mediastinal pleura, below by the 
; diaphragm and above by the oblique plane. 

{ Contents — 

< - (1) The descending thoracic aorta and its branches. 

, (2) The oesophagus. 

\ (3> The azy gos, superior and Inferior hemiazygos v eins. 

| (4) The vagi nerves. 

1 (5) The thoracic duct and lymph nodes. 

‘ (6) The splanchnic nerves. (The greater, lesser and the lowest). ^ 
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Diipsniio* «/ O’.f sttvebius. The descending thoracic aorta rum downvnaV 
along the left side of the front of the thoracic vertebrae. The oesophagus at Enr 
turn dowmvatds along the right side of the descending thoracic aorta and irew* 
diately above the oesophageal opening in the diaphragm it crosses in from of tbt 
descending thoracic 3orta. The right and the left vagus neircs form the ot& 
phagr.il nlexut on the oesophagus, the left nerve being placed in front but the 
nerve Ixrliind it. The azygos vein and the thoracic duct both lie behind the o=s> 
phagus and the descending thoracic aorta, the thoracic duct being placed on tSr 
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left side of the azjgus \euu The splanchnic nerves descend downward* along 
the tides of the bodies of the thoracic vertebrae. The superiorand the infmW 
hemiazygos a tins lie behind the descending thoracic aorta. The right aortic in***'* 
coital arteries cross the front of the vertebral colunm in series traasvenely from 
left to the right side and firm the posterior.most structures. 


Each lung is conical in shape and ptesents a base; an apex; two surfaces, lateral 
and medial; and three borders, antrrior, posterior and inferior. 
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The base of the lung Is deeply concave and rests on the diaphragm which 
separates the right lung from the right 3obe of the liver and the left lungfrom the 
kit lobe of the liver, stomach and the spleen. 

The apex occupies the cervical dome of the pleura. It is rounded in shape 
and extends upto the level of the neck of the first rib posteriorly, and 1 to 1^ inches 
above the clavicle anteriorly. 

Relations . It is covered by the supra-pleural membrane and the cervical dome 
of the pleura. Posteriorly opposite the neck of the first rib the apex of the lung Is 
related to the sympathetic trunk, superior intercostal artery, first posterior intercostal 
vein and a branch from the first thoracic nerve that ascends upwards to join the 
brachial plexus of nerves, being separated from these structures by the costal 
pleura and the suprapleural membrane. Anteriorly the apex is related to the right 
subclavian artery’ which produces an impression on this part of the lungj the 
apex of the left lung is related to the left subclavian artery and lying in front of it 
is the left brachiocephalic vein both of which produce impression on the lung. 
Anleroraedialiy both the apices are related to trachea, vagus nerve and oesophagus 
but these structures do not produce any impression on the lung. 



Fig. 742. The heart and ihe lungs as seen from the front. The pericardium has been exposed. 


Segmentally the apex of the lung consists of the apical, anterior and the 
posterior segments. 

The lateral surface is large and convex. It is in contact with the parietal 
pleura covering the inner surfaces of the ribs and the intercostal muscles. In the 
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mid clavicular line the upper six ribs, in the mid-axillary line the upper eight riht 
and opposite the scapuler line upper ten ribs come into relation with this surface. 

The medial surface is subdivided into a vertebral area, which is adapted to 
the sides of the bodies of the thoracic vertebrae, and a mediastinal area, related to 
the mediastinal structures. The mediastinal area presents the hilus, where the 
bronchi, vessels, nerves, and lymphatics enter and leave the substance of the lung, 
and some of the impressions of the mediastinal structures. 

The 'hilus. It is a depressed area on the mediastinal surface of the lung, situated 
above and behind the cardiac impression, through which the bronchi, the bronchial 
vessels, pulmonary vessels, lymphatics and the nerves either enter or leave the lung. 

On the left lung the hilus is raquette-shaped and extends over both its lobes. 
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On the right lung the hitus is a four-sided area which extends over all the three lobes. 
The hiim on the right side is shorter in height that the left one. 

The root. The structures that enter and leave the lung at its hilus are called 
the root of the lung. The root of the lung is comparable loathe roots of a tree. As 
the roots of a tree firmly anchor the tree into the earth so the root of the lung fixes it 
to the body firmly. The roots in a tree provide nutrition to it so in the lungs the 
loot, in someway, is concerned in its nourishment. 

Structures rf the root. The following structures compose the root of the lung. 
(») Bronchus (Hyparterial and epartcrial on the right side and hyparterial 
on the left side.) 

(ii) Bronchial artery and vein. 

(»7i) Pulmonary artery. 

(iw Two pulmonary veins. 

(e) Pulmonary plexus of nerves. 

(ri) Lymphatics and the bronchopulmonary lymph nodes. 

Arrangement of ike structures at the root. The arrangement of the structures at the 
root of the lung differs on the two sides from above downwards; in the right lung 
the arrangement 'is, epartcrial bronchus, pulmonary artery, hyparterial bronchus 
and the loner pulmonary vein; on the left side the arrangement is, pulmonary artery, 
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bronchus (hypartcrial), lower pulmonary vein. However, from before backward:, 
the arrangement is same on both sides such as, upper pulmonary vein in front, 
pulmonary artery in the middle and the bronchus behind. The bronchial vessels 
lie posterior to the bronchus. 

Relations of the root of the lung. Each root of the lung lies opposite the bodie< 
of the fifth to the sventh thoracic vertebrae (vertebral level). The phrenic nerve, 
pericardiacophrenic vessels and the anterior pulmonary plexus of nerves lie anter- 
iorly whereas the vagus nerve and the posterior pulmonary plexus of nerves lie pos- 
teriorly on both sides. The pulmonary ligament lies inferiorly on both sides. On 
the right side the superior vena cava and the right atrium of heart form additional 
anterior relation and the arch of the azygos vein lies above the root of the right 
lung. On the left side the descending thoracic aorta forms the additional posterior 
relation and the arch of the aorta lies above the root of the left lung. 

The anterior border begins at the apex and is thin and sharp and on the right 
side it is less oblique; it presents a notch or indentation known as the cardiac notch 
on the left side. 

The posterior border is thick, broad and rounded and occupies the hollow of 
the side of the vertebral column. 

The inferior border limits the base. It is thin and sharp. 


BRANCHES Of 
RIGHT PULMONARY 
CARDIAC ARTERT 
IMPRESSION fOR 
RIGHT AURICLE. 

RIGHT ATRIUM 
AND 
RIGHT 
VENTRICLE 


EPAATERIAL BRONCHUS 
RIGHT BRONCHIAL VESSELS 
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Fig. 745. Tilt medial surface. of the right lung. 


THE RESPIRATORY SYSTEM 


931 


The relations of the medial surface of the right lung. The vertebral area is 
i related to the bodies of thoracic vertebrae, posterior intercostal arteries and the 
isplanchnic nerves on both the sides. In the mediastinal area , below and anterior to the 
hilum there is a depression the cardial impression caused by the right atrium, 
right auricle and the part of the right ventricle of the heart. In front and above 
; the root of the lung there is a shallow depression for the superior vena cava. The 
upper continuation of this groove lodges the right brachiocephalic (innominate) 
vein. A narrow deep groove above the hilum lodges the arch of the azygos vein. 
Behind the hilum there is a narrow vertical groove for the oesophagus. A shallow 
groove in front of the apex lodges the right subclavian artery. Immediately 
in front of the lower end of the pulmonary ligament is a groove produced by the 
inferior vena cava before it enters the right atrium of the heart. The area 
above the arch of the azygos vein is in relation to trachea, vagus nerve and 
oesophagus but these structures do not produce any impression in this part. 

The relations of the medial surface of the left lung. Below and in front 
of the hilum is a wide groove which lodges the left atrium and its auricle and the 
infundibulum of the right ventricle of the heart. A broad groove above the hilum 
' is produced by the arch of the aorta. A vertical wide groove behind the hilum is 
caused by the descending thoracic aorta. From the anterior part of the depression 
for the aortic arch a narrow groove runs vertically upwards and lodges the left 
subclavian artery. In front of the groove for the subclavian artery there is a shallow 
groove for the brachiocephalic (innominate) vein. Immediately behind the lower end 
of the pulmonary ligament and in front of the groove for the descending thoracic 
aorta there is a slight notch for the oesophagus. The area posterior to the groove for 
the subclavian artery is related to the oesophagus and the thoracic duct but no 
impressions are produced by them. 

The lobes and fissures of the lung. The right lung is divided into three 
lobes by two fissures, oblique and transverse. The oblique fissure takes a similar 
course to that of the left lung. The horizontal or the transverse fissure begins at 
the anterior border opposite the level of the fourth costal cartilage and extends 
laterally and slightly upwards to meet the oblique fissure opposite the mid-axillary 
fine. The portion of the lung which lies below the oblique fissure constitutes the 
inferior lobe. The portion above the horizontal fissure is the superior lobe and 
the portion in between the horizontal and oblique fissures, constitutes the middle 
lobe. The main bronchus on the right side gives off three primary buds , a// of which remain 
separated from each other and thus (he right lung has three lobes. Sometimes the upper 
lobe may be incompletely divided into medial and lateral parts by a fissure contain- 
ing- the azygos vein. 27ie porfrun ricrnarcaferi by the azygos vein h kn&mt as the 
azygos lobe of the lung. 

The left lung is divided into two lobes, superior and inferior, by the oblique 
fissure which cuts the posterior border two and a half inches below the apex of the 
lung at the level of the interval between the third and the fourth thoracic spines 
2 cm. lateral to the median plane, and begins on the medial surface above and 
behind the hilum, and descending downwards and forwards, the fissure reaches the 
fifth intercostal space in the midaxillary line and then follows the same space and 
finally ends in the inferior border of the lung at the sixth costochondral junction 
about five inches from the median plane. The superior or the upper lobe lies 
above the oblique fissure whereas the inferior or the lower lobe lies below the oblique 
fissure. A tongue-shaped projection of the upper lobe below the cardiac notch is 
known as the lingula. The main bronchus on the left side abo provides three primary buds 
but the upper and the middle buds arise together by a common stem . Hence the left lung has 
two lobes. The upper lobe of the left lung thus represent upper and the middle 
lobes of the right lung. 

The differences between the two lungs, (i) The right lung has got three 
lobes, the left has only two. (2) The right is larger in the proportion of eleven to 
ten. (3) The right lung is shorter, owing to the upward projection of the dia- 
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Sub-serous coat. It is formed by a layer of connective tissue containing mostly 
the clastic fibres and this layer passes inwards between the lobules of the lungs. 



PULMONARY VEIN BRONCHIOLE ALVEOLUS 


Fig. 746. The low power view of the histological 
structure of the lung. The slide lent by Dr. K. 

K. Banerjee Ph. D. (Anat.) 

Pulmonary substance. The pulmonary substance consists of lobules containing 
air cells in association with the respiratory bronchiole together with the blood vessels, 
nerves and lymphatics. The respiratory bronchioles have no cartilages in their walls 
and they are about *2 mm. in diameter and each is lined internally by cubical non- 
ciliated epithelium. Each respiratory bronchiole divides into alveolar ducts which 
terminate into the atria, an expanded common chamber, and the latter in turn end 
into the air saccules. The alveolar ducts, atria and air saccules are lined by pave- 
ment epithelium. 

Each air saccule is separated from the adjacent saccule by a thin-walled septum. 
Around the thin-walled air saccule the blood vessels form a sheath of capillaries 
known as the pulmonary capillaries. 


THE URINARY SYSTEM 

THE KIDNEYS 


The kidneys ate the two compound tubular, excretory glands, situated one <m 
each side of the vertebral column in the paravertebral gutter opposite the dorci- 
lumbar region and behind the parietal peritoneum. 

Form and anatomical position. Each kidney is bean-shaped and is placed 
obliquely with its long axis parallel with the lateral border of the psoas major, its . 
upper pole being about 1 cm. nearer to the vertebral column than its lower pole. 
Being placed in the paravertebral gutter the anterior surface of each kidney is directed 
forwards and laterally, its posterior surface backwards and medially and its hiium 
is directed slightly forwards and medially. 

Situation and extent. The kidneys are situated in the lumbar region and 
extend into hypochondriac, epigastric and umbilical regions. Each occupies the 
renal angle farmed by the twelfth rib and the sacrospinahs muscle opposite the level 
between the eleventh thoracic and the third lumbar spines. The right kidney is 
slightly lower (roughly £ an inch) than the left because of the liver on the right side. ' 
Measurements and weight. Each kidney measures about 4 in. length, i\ in. 
breadth and 1 £ in. thickness. In weight each is about 4 oz. ' 

Capsules. Each kidney has three capsules, a true capsule, a fatty capsule 
made up of perirenal fat, and the renal fascia. 



Fig. 747. The kidneys with the great vesjel*. Seen from the front. 

True capsule. It is a fibrous membrane which is closely applied to its surface 
and in health can be easily stripped off from them. Medially it dips into the renal 
suna for which it forms a lining and covers the structures of the hiium. 
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Fall? capsule. It is a specialised layer of fat which is semiliquid in consistency 
and dosely surrounds the kidney within the layers of the renal fascia and intervenes 
between it and the true capsule. Medially it passes through the hilura into the renal 
sinus insinuating itself between the renal vessels. 

Renal fascia. The renal fascia is an areolar membrane derived from the sub- 
peritoneal connective tissue. It divides into two lamellae which enclose the kidney 
.ram in front and behind. Laterally it forms a single layer which is continuous 
with the transversals fascia. Medially at the hiJum the two layers after enclosing 
the kidney arc firmly attached to the renal vessels and the pelvis of the ureter 
[R. J. Last). Superiorly the two layers are fused together to form a single layer which 
is continuous with the fibro-arcolar tissue on the undersurface of the diaphragm. 
Inferiorly the two layers merges with the areolar tissue beneath the peritoneum. 
In between the two layers of fascia there is a large quantity of fat which is 
more abundant posteriorly than anteriorly and is known as the perinephric fat. 

The perinephric fat forms a tight pack round the kidney and is responsible for 
retaining the kidney in position. Sudden loss of this fat makes its position insecure 
and being influenced by the respiratory movements it become moveable (moveable 
kidney) on its pedicle (renal vessels). 

Applied Anatomy. The renal fascia being adherent to the renal vessels and the 
pelvis of the ureter perinephric abscess of one side cannot pass to the opposite side. 

Pararenal fat. Pararenal fat or body is a collection of fat around the kidney 
that lies outside the renal fascia and mostly lies posteriorly behind the renal fascia 
and between it and the fused lamellae of the lumbar fascia from which the transversus 
abdominis muscle arises. 

Parts for examination. Each kidney presents for examination an upper and 
a lower pole, an anterior and a posterior surface, a lateral and a medial border, and 
a htlum which leads into a cavity known as the renal sinus. 

Renal sinus. The renal sinus is the cavity of the kidney which opens medially 
at the hilum. The long axis of the sinus corresponds to the long axis of the kidney 
and it is bounded by thick walls formed by the kidney substance. It is lined by 
the true capsule of the kidney. 

It contains renal pelvis and its calyces, renal artery with its terminal branches, 
renal vein, nerves, lymphatics and some fat which insinuates between the renal 
vessels. 

The renal pelvis with its calyces occupies most of the area and lies^ most 
posteriorly, the renal vein lies in front while the renal artery which breaks up into 3 
or *f branches fies in between the vein ancf the renal peiVer. One of the branches of 
the renal artery may pass posterior to the renal pelvis. The lymphatics accompany 
the pelvis while the sympathetic nerves accompany the renal arteries. _ 

The renal pelvis breaks up into two or three main divisions within the sinus 
known is the major or greater calyces which diverge from each-other and pass towards 
the upper and the lower portions of the kidney. Each of the major calyces further 
divides into minor or lesser calyces. Each of the lesser calyces terminates in relation 
to one or two renal papillae which protrude into it and the calyces becomes cup-shaped 
in appearance. 

Renal papillae. These are a series of conical elevations on the floor of the sinus 
and vary from 6 to 15 in number. The blood vessels pierce through the kidney 
substance in between the renal papillae. The summit of eadh renal papilla presents 
numerous minute openings which are the terminal apertures of the renal tubules. 

Poles or extremities. The upper pole of the kidney is usually larger than the 
lower pole and lies opposite the level of the eleventh thoracic spine. It is about 
l cm. nearer to the vertebral column than the lower pole which lies opposite the 
level of the third lumbar spineor 1 inch above the highest point of the iliac crest. The 
upper pole is slightly higher on the left side than on the right side. Each upper pole 
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is partially overlapped by the suprarenal gland which also encroaches on to the 
anterior surface, and the medial border, and rests partly on the diaphragm. The 
lower pole is related to the hepatic flexure and the duodenum on the right side and 
with the transverse colon and the jejunum on the left side. 

Borders. Its lateral border is convex in its general outline and on the right side 
it is related to the ascending colon below and to the liver above. On the left side it 
is related to the spleen above and to the descending colon below. The lateral border 
lies at a distance of about 10 cm. from the lumbar spines. 

Its medial border is concave and is directed forwards and medially. It presents 
a slit-like cleft in its middle-third known as the hilum which gives passage to tU 
renal vessels, nerves, lymphatics and the pelvis of tire ureter. The renal vein lio 
in front, artery in the middle and the pelvis of theurcter belowand behind — one of the 
arteries lies behind the pelvis; nerves accompany the artery and the lymphatics 
accompany the vein. 

The hilum on the right side lies just below the transpyloric plane (plane oppositc . 
the first lumbar spine) and on (he left side just above it. The medial border is related 
to the inferior vena cava on the right side and with the duodenojejunal flexure, 
inferior mesenteric vein and the left suprarenal gland on the left side. 

Surfaces. The anterior surface is convex and is directed forwards and laterally* 
The posterior surface is flat and is directed backwards and medially. ■ 

Relations. Anterior surface of the left kidney. The anterior surface of the left ktdne>V- 
over a small area opposite its medial margin above the hilum, is in relation to the 
left suprarenal gland. The upper two-thirds of the lateral half is related to the 
spleen. Opposite the hilum, the anterior surface is related to the tail of the pancreas 
and the splenic vessels. Above the pancreatic area and between the suprarenal 
and the splenic areas, is the gastric impression which comes into relation with the 



Tip. 748. The relations of the ante- Fig. 749. The relations of the anterior 
nor m&ce of left kidney. surface of the right kidney. ■ 

(Diagrammatic). (Diagrammatic). 

postero-inferior surface of the stomach being separated by the peritoneum of the 
lesser sac. Below the pancreatic and the splenic areas, the lateral part of the anterior 
surface is related to the left colic flexure while its medial part is related to some coils 
is the small intestine (jejunum). 'Hie gastric, splenic and the jejunal areas arc 
covered by peritoneum. ■'The gastric area is covered by peritoneum of the lesser 
sac whereas the splenic and the intestinal areas are covered by the peritoneum of 
the greater sac. 

. Anterior surface of the right kidney. The upper lateral part of the anterior surface 
is related to the inferior surface of the right lobe of the liver. The medial margin 
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adjoining the upper pole is related to the right suprarenal gland. Adjoining the 
hilum the anterior surface comes into contact with the second part of the duodenum. 
The lower part of the anterior surface is related to the right colic flexiire lateral t> 



Fig. 750. The ligamentous connections of the left kidney. Diagrammatic (Drawn Dr. K. K. 

Banerjee Ph.D. (Anat.). 

md to some coils of the small intestine medially. The hepatic and the intestinal 
ireas are covered by the peritoneum of the greater sac. 

JfJj . — The kidney has no true ligaments of its own to keep it in position. It is kept in position 
ry the tight visceral pack around it and by the perinephric fat which effectively anchors it in position, 
f due to diseases the perinephric fat is absorbed the kidney becomes insecure and it rotates on its own 
•edicle (renal vessels) giveieg rise to a condition known as the floating kidney. The renal fascia being 
pen downwards it usually moves downwards and medially. 

Posterior surface. The posterior edge of the upper pole comes into relation with 
he corresponding suprarenal gland. On both sides, the posterior surface of the 
cidney lies in relation above with the diaphragm and can be divided into medial 
md lateral diaphragmatic areas; the medial diaphragmatic area is in relation 
vith the corresponding crus of the diaphragm while the lateral diaphragmatic area 
s related to the corresponding medial and lateral Iumbo-costal arches or the arcuate 
i^araents. Inferior to the diaphragmatic areas it is related to the psoas major 
nth its covering fascia, quadratus lumborum with the anterior layer of humbar 
fascia and the tendon of origin of the transversus abdominis from medial to the 
ateral side. The sub-costal vessels and nerve, iliohypogastric and the ilioinguinal 
nerves run obliquely downwards and laterally liehind the posterior surface of the 
kidney in order from above downwards. The subcostal vessels and nerves lie in 
front of the anterior lamella of lumbar fascia and bound down to it by extra- 
peritoneal connective tissue whereas the iliohypogastric and the ilioinguinal nerves 
lie behind the anterior lamella of lumbar fascia between it and the quadrates lum- 
ixmitn muscle. The tips of the first, second and the third lumbar transverse processes 
Jrc in relation with this surface being separated by the quadratic lumborum. The 
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eleventh and the twelfth ribs on the left side and only the twelfth rib on the rightside 
arc also in relation with the posterior surface of the kidney. 


DIAPHRAGMATIC MIA 



TMNSVtMUJ ABDOMINIS 



Hg 751. The relations on the posterior surface Fig. 752. Tlie relations on the posterior surface 
often kidney. of right kidney. 


The upper lumbar vessels are separated from the posterior surface of the kidney 
by the quadratus 1 umbo rum. 

The costodiaphragmatic recess of pleura is related to the posterior surface of the 
upper part of the corresponding kidney being separated by the lateral and medial 
tumbo-costal arches. Sometimes when the diaphragm is deficient this part of the 
recess may he in direct contact. 

The posterior surface of the kidney is absolutely uncovered by the peritoneum. 

Section of the kidney. In a sagittal section of the kidney it it found to consist 
outer paler area known as the cotUx and an inner darker area known as the 
ruirt/a. Jn the medullary area six or more longitudinally striated triangular bodies, 
owti as the pyramid can be seen. Each pyramid consists of a base which is 
directed towards the cortex, an apex or papilla directed towards the renal sinus and 
an intervening portion known as the body. Each of the renal papilla is received in 
azninor calyx. Sometimes two papillae may be found to open in a calyx minor. 

9tnat,ons ^ the pyramid radiate into the cortex from its base and 
TayS: T1 l e , C0rtC5C or the labyrinth of the kidney is granular in 
e.u C P° rt >on of the labyrinth that projects in the medulla in between 
°L.. C Uv0 tf™™* » ^own as the renal columns . The part of the cortex 
■ tV '- e . cn ^ rncdu ! ar y ray* « known as the cortial rays . Microscopically 
tubiE COnS of glomeruli and tubules and the medulla contains the collecting 


fhra^rW f| a F ply °f Kidr ”T' , The kidney receives its blood from the renal artery 
the faSrkiJ "Wommal aorta) and is drained by the renal vein which terminates into 
tne interior vena cava. , 

wiiuT^fhe'lnte^SitiiCr begin a* ihciubeafisvlar slAlalt am s which drain into the rn Urlebufar 

the mS r™ ‘, hc The arciform veins are joined by the *«*r 

la to form the tnttrhiat avu which emerge out at the renal sinus. 

dlvi,£ 1 ^ b r‘' i0n ,l !' “ r !' r >' *" <h ' substance. Each tenal artery 

th^rS.I v/ “ r 7 five b r‘"! ch<s b ' rorc entering into the hllum and lie in between . 

a 7 d - ?' lv “ ° r lhc “ reKr b ' bi »<l acept one branch which 
P- pos enor to the pelvis of the ureter. Each subdivision of the renal artery, after 
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giving some small twigs to the tissues in the renal sinus further subivides into lobar 
branches , one for each renal papilla. Each lobar artery divides into two or tfvree 


wmous c APSOU 



iaterlahar branches which enter into the renal substance in between the renal pyramids 
at the rehab column. Reaching the co rtico-medullary junction at the base of the 
renal pyramid each interlobar artery 'divides 
at a right-angle into two collateral brandies 
to form an arterial arcade (araform arteries). 

The arterial arcade gives rise to a series of 
straight branches known as the rasa recti or 
the interlobular arteries which pass Trtto cortex 
towararthtrptriphery of the kidney. Each 
vasa recta or the interlobular artery is typica- 
lly an “end- artery **, has no anastomosis with 
the adjafeenf interlobular artery and supplies 
a definite unit of kidney substance known as 
the r tnule. Each renule consists of a calyx 
tninortvith its papilla, the three or four 
collecting tubules which open into the papilla 
and a corresponding cortical substance. Thus 
the kidney substance may be split up into 
different renules each being controlled by an 
interlobular artery. Each interlobular artery 
gives out in series the afferent vessel to the 
glomerulus, a special type of capillary. The 
glomerulus gives origin to the efferent vessel 



fig. 754. High ptrv.ct view of a 
glomerulus. 


Renal tubule; It = Cowman’s capsule. 
C=TV 
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which is thrown out again into capillary bed in between the tubules and is knows 
as tnkrtubular capillaries (cortex) which are terminal capillaries. 

Close to the medullary region some of the efferent vessels of the glomerulus 
divide into branches known as arteriolar rectot which assume a straighter course as 
the)' pass down through the medulla to supply it. Some other efferent vessels from 
the glomerulus in this region break up into interlubular capillaries of the medulla. 



The intertubular capillaries of the cortex are drained by interlobular reutf whud 
in turn drain into interlobar veins accompanying the interlobar arteries. The veto 
from the medulla open into the venous arcade accompanying the arterial arcad< 
which terminate into interlobar vein. The interlobar veins unite to form the 
vein. 

Applied Anatomy. The interlobular artery being an end artery, m case it J 
obstructed by an embolus, the renule controlled by it degenerate to form an infra* 
tion which is triangular .in shape with its base in the cortex and tire apex in tin 
papilla. 
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Lymphatics or the kidney. The lymphatics of the kidney consist of super* 
fidal and deep lymph vessels. The superficial lymph vessels lie in the true capsule 
of the kidney and communicate with the lymph spaces between the tubules of the 
kidney. They emerge at the hilum and end by joining with the deep lymphatics. .| 
The deep 1> raph vessels accompany the renal vessels, communicate with the lymph’ 
spaces between the tubules and join with the superficial Ijmphatics at the hilum. 
They end in the preaortic grou p oflymph nodes (lumbar). 

Nerve supply of the kidney. It is supplied by sympathies and parasvm- 
paihetics (vagus) through coeliac and renal plexuses. 

The sympathetic component consists of afferent and efferent fibres. The 
sympathetic ejftrents arc vasomotor in functionand their preganglionic fibres are derived 
from 12th thoracic and 1st lumbar segments of the spinal cord and they pass through 
all the splanchnic nerves — the fibres of the greater and lesser splanchnic nencs 
terminate in the coeliac ganglion whereas those in the lowest splanchnic nene 
terminate in the renal ganglion at the hilum of the kidney. Postganglionic Ebro 
from these ganglia run along the renal vessels to reach the kidney. The sympathetic 
afferents pass to the 10th, llth and 12th thoracic segments. The functions of the 
parasympathetic supply are still unknown. # * ' 



Development. The ureter develops as an outgrowth from the caudal end Oj 
the mesonephric duct which invades the caudal end of the mesonephric ridge ana 
from the metanephric cap 'derived from the latter L The mesodermal cells of the 
mesonephric ridge surrounds the expanded blind end of the mesonephric duct and 
forms a cap-like investment around it known as the metamesonephric.cap. 

From the outgrowth of the mesonephric duct the ureter, renal pelvis, ealjees 
and the eolleclinguibules are formed while the rest of the kidney is formed from tnc 
mctamesonephtic cap. *— 


THE RENAL PELVIS AND THE URETER 

Tlie pelvis of the ureter. The funnel-shaped dilated upper end of the ureter 
is known as the pelvis of the ureter J It is formed within the renal jinus by the uniofl 
of the two or three calyces majores.^JEach calyx major is formed by the imiofl 
of two of three calyces minores, into each of which one of two renal papillae project. 
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Pelvic portion of ureter. “The pelvic portion of the ureter," as the name implies,' 
is formed by that part of the ureter which is contained within the pelvic cavity anil 
has been described under the following heads: 


Extent. It begins as a continuation of its abdominal part from opposite list 
level of the pelvic brim and by piercing the bladder wall obliquely it ends by opening 
into the interior of the urinary bladder at the lateral angle of the trigone. It varia 
from 12.5 to 15 cm. in length, 


Course. In its course through the pelvic cavity the pelvic portion of the uretn 
at first rum downwards, forwards and laterally tinder cover or the parietal peritoneum 
upto the level of the ischial spine and then rum medially and forwards upto the base 
ol the urinary bladder and finally pierces the bladder wall obliquely to end into in 
interior at the lateral angle of the trigone. Thus the course of the ureter tvithia 
the pelvis can be divided into (1) parietal and (2) intravesical portions. The parietal 
portion can further be subdivided into first and second portions depending on the 
general direction it follows. The first portion extends from the level of the pelvic 
brim upto the level of the ischial spine and the second portion from the level of the 
* attcr VP. to die P°' nt d pierces the bladder wall. Alternatively, though less scientific, 
the pelvic portion of the ureter can be divided into thiee parts namely; 1st, 2nd and 
3rd; the latter constituting the intravesical part. The intravesical portion is otJv 
about '5-1 cm. in length. 


\/Jtelatu>ns. General (/« male). The pdvic portion of the ureter enters the pelvic 
cavity cither by crossing the end of the common iliac or the beginning of the external 
iliac artery and descends downwards on the lateral wall of the pelvis under cover of 
the parietal peritoneum and readies in Horn of the internal iliac vessels andJics on 
the medial side of the obturator nerve, obturator, umbilical, inferior vesical and 
middlg^ctal arteries. rheFTpasses downwuTdmnd- foKTS?^ ancHTTrosscd in 
t by the va* ''" r **- -• 


. : i A passes aownwaTarumr forwards andis crosso 

rmit by the v^sclcfcr en sopposite the level of the ischial spine and proceeds to itach 
the bitse or the biaddci . Here it lies above the seminal ves icles, and the vas deferem 
A' 5 ,™ V dC 'r I? 1 " 1 . il P icrccs obliquely the musculature of the bladder 

bladder 1 gl of thc tn 8 0ne and ends by opening into the interior of the 


cavdtvehher^bv port i° n r 0 . f Uic urelcr case of female enters die pelvic 

cavity either by crossing the end of the common iliac artery or the beginning of the 

ScTeLchund^ d d ?T ds d ^' n r rds aild ?» JSSKI internal 

Jfi® of^7 ^ C :. pancU ' 1 .P cri,0ncuin and then gaining the medial 


Ridp of pernoneum ana then gaming me meow* 

rwleHofhnnS of .t Iy - ,t P asscs beneath the broad ligament and fojjns-the 
posterior boundary of tlic ovarian fossa and i:-i — .» - -zZ- tU 


rrbfnritoT umhiTTrTrT-t- tt i V~''"Vi “T? “•“ d Ues med ' al t0 die obturator nerve, the 
S f ,lTrcno . r . vcsical a "d the middle rectal artenff/ 

^ ■ lies on the medial side of the internal iliac artery, thc U |rrhir artery descends 


the ^ ab ° U i ° nC inC ^ and ,hcn crosses irTfr^t ^f UJrnm later aDa 

ment — ThTu Ttl ie"^^/^^ . U ?''^ ds m ^vecn Uic Uvo layera of riie broad^- 
J of the' cervix ntM-i ^ urt j icr medialwards and forwards to reach the side 


of the cervix uteri , uicaiaiwaros anu forwards to reach the siuc 

Finally it ends by opening Into^he 

scxca ^ntheieshsfiu ™' C ln . lra '' e3 ' caI portion is devoid of peritoneum in both the 
™ t uhire trL°e Led P' 1 "'™ 11 it b covered by peritoneum mcdWly 

Siltai 1 ” 'If'?. bl 'r'!l' v “ d ' r “ens- ■" *0 female the portion t.Wcl; 
is devoid orneritoneal ° r .^ c . ut pary bladder and the anterior vaginal null it 
by the uterinTarrerv ; uncovered byperitonemriwhere it is erossetl 

try the utenne artery; m the rest oHts course it is covijd by pcrMKum medially, 
e/fietoei cmilnclm,,. The pelvic portion of ..... remme 


the other iusf before its^tenninat™ ■ CIW ! e3 d ’C end of the common iliac artery anti 
the pelvic porrim^f ,nlcn or of thc bladder. In other tvordt, 

retcr is naturally constricted both at its commencement 


nd at its termination, 
>art of the ureter. 
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The intravesical part actually forms the most constricted 


Vascular supply. The pelvic part of the ureter is supplied by the superior and 
nferior vesjp»l and middle-rectal ^pterics (The abdominal part being supplied by£- 
enal and te sticula r or ov arian arteries). 

Nerve supply. The pelvic part of the ureter derives its nerve supply from the 
tynegast ne plex us (The abdominal part being supplied by testicular or ovarian or 

emtt^Pte xtsV'T' 

Surgical imparlance. Renal stone is usually obstructed opposite the .natural 
:onstrictions of the ureter. The ureter is rich in its blood supply and therefore it 
rndures considerable trauma, and healing processes are considerably rapid and 
jerfect. Renal colic due to obstruction by the renal stone in the ureter is usually 
eferred through the Uth and 12th thoracic and first lumbar nerve3. 


THE URINARY BLADDER 

The urinary bladder is a hollow viscus which acts as a reservoir of urine and is 
tituated behind the symphysis pubis and in front of the rectal ampulla, in male, and 
n front of the uterus, in the female. The ureter opens into it on either of its base. 

Parts for examination. The urinary bladder changes its shape and size 
according to its contents. When it is empty, it has a base, an apex, and three surfaces 
—superior and two inferolateral. Wien it is distended its surfaces are postero- 
superior, anteroinferior and two laten^.. Infcriorly it 'forms a constricted neck/ 
which is continuous with the base of theprostatc in case of male and with the urethra 
in case or female. / _ 

Tiie base is triangular in shape and is directed downwards and backwards 
towards the rectum and lies below the line joining the two ureteral openings. It is 
related to the rectum from which it separated by the recto-vesical pouch, in the male, 
and the vesico-uterine pouch and the uterus, in the female. Some coils of the ileum 
usually intervene between it and the rectum in the male and between it and the 
uterus in the female. 

The apex is directed towards the symphysis pubis and is connected with the 
umbilicus by means of a fibrous cor d know n_jxs-tfre median umbilical ligamentiL'^' 
(remains of the urachus). 

Peritoneal relation. In empty condition, the superior surface of the bladder 
is covered by peritoneum whereas its inferolateral surfaces arc uncovered by perito- 
neum. In distended conditio^ the postero-superior surface is covered by peritoneum 
while the anteroinferior and lateral surfaces are uncovered by peritoneum. 

Capacity (Normal) » c ^ , 

Average . . 7$ oz. — - 2* ^ 

Maximum .. 10 J « 

Minimum . . 4 ^ 

Ligaments of the bladder. The ligaments of the bladder consist of true and 
false ligaments. 

The true ligaments are formed by the condencd mass of fibro-areolar tissue; 
are more or less fixed in their attachment and they do not change their position 
p the change of the bladder. 

£ The false ligaments are formed by the peritoneum; they are not fixed in their 
A hment and they usually change their position svith the change or position of 
,V mccra. 

A 60 
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True ligaments. {l)Wed!an umbilical ligament. It is the fibrous remains tf 
the urachus and connects the apex of the bladder with the anterior abdominal vail 

({^Anterior true ligament. It consists of medial and lateral puboprostatic Cgi» 
•-Intents and lies on each side of the median plane and is derived from the-pflvic fascia. 
The thedial puboprostatic ligament is attached posteriorly to the sheath of the prostate 
and to the neck of the bladder and anteriorly to the back of the symphysis pubis. 
The lateral puboprostatic ligament is attached posteriorly to the anterior end of 
the tendinous arch of the pelvic fascia and is fixed anteriorly to the sheath of the 
prostate. 

Posterior true ligament. It is formed by the condensed mass of the fibro-areohr 
tissue which surrounds the vesical plexus of veins as they pass posteriorly to end into i 
the internal iliac vein. I 

lateral true ligaments. Each extends from the side of the neck of the ! 
bladder and the sheath of the prostate and is attached laterally to the wall of the 
pel\ is. 

False ligaments: (1) Anterior false ligament. It consists of three folds of 
peritoneum, one on the medittV\ umbilical ligament and two on the obliterated 
umbilical artery. 

(?) Posterior false ligament. It is formed by tliat fold of peritoneum which 
extends from the bladder to the rectum and then to the sacrum and constitutes the 
sacro-gcnital fold. 

(3) Tito lateral false ligaments. Each extends from the side wall of the bladder 
to the side wall of the pelvis. 


Trigone of the bladder. When the bladder is opened it is found that the 
mucous membrane of the bladder are thrown into folds everywhere except over a 
triangular area on its posterior wall where the mucous membrane looks smooth, 
shiny and tense and this area is known as the trigone.cUhe bladder. The mucous 
membrane or the trigone is shiny and smooth becauscTn this part of the bladder it is 
brmJy adherent to the underlying muscular coat and there is no sub mucous layer, 

, ail f C{ l ull ateral triangle, the apex of which is directecTdownsvards and 
corresponds to the internal urethral orifice. Its lateral angles are pierced by the 
TfVw^ rS r° nC J^ n i CnCt Sld , c bcinf? P ,aced at a distance of one inch from each other, 
its base is Tormed by an elevated ridge, the interureleric ride* which connects the 
>two ureteral openings, one on each side.' The orifice of each ureter is guarded by a 
Sn* I ? C .? branC and h * Ut ‘ Uke: The interureteric ridge is a linear proroi- 

fin die r * ucous mcmbran e caused by the prolongation of the Ionriw- 
* fbrCS .° f t . ,e urc ? crs underneath the mucous membrane opposite a line 
irmSLri lE r reler ft ! °P crun S s - , Thc sides of the trigone arc formed bv drawing 
hc apCX tQ lh $ c , orr «Ponding ureteral opening. If a section 
- th r mu f 0, f s coat of th e bladder at thc upper borefer of the inter- 
twTf t found that thc ureteral muscJeTTbres are not continuous with 

mSSt XhCY ,u OTm * dU , tinc ’ t ^angular sheet of muscle, the tnW 
S',* ,\ 1S , s P rc . ad ovcr lbc trigonal area and is senarahle from the 


wall orX hinders OV " 1 » l rS? nal area and is separable from the 

r y , an gg Tar -bfid. The apex of the wigonal muscle descends ir 


flip rv.si.rmr ,.mii „r .1 1 nc a pex ot me trigonal muscle aesccnus 

! retfrnl T™' 1C - uret1 '.? to ,h ' PfoKatic stride. On the lateral side of the 

conSnS^tih^fi™ “ " "‘■S'-Mte elevation, the t mime Jold, which it almost 
with the interureteric ndge and is formed bp^ivtaimnal portion of the 


3S the bladder.’- Immediate? Zv”n£nal urethral 

”. . . mnlc ' t’" 1 * M a rounded elevation— the m la asitet formed by thc median 


In^onlrdK.K n?"' Thc ’i™ 1 ? V «K' serves as an^rdTHoiiai ” valve-like sphincter 
L“S? of "Hne. V^trigemaharemjs not-affectedAy-the disten- 

^tion rcsjumi unaltered evenla-cnormods dbten* 


-tion of thc bladder-audits size.; 
tion. 
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(2) Under some pathological condition of the prostate the uvula vesicae becomes unduly promi- 
Lt^wnt to a« to came obstmetion in the flow of the urine. 

S Tlie trigonal area develops from wolflian duet whereas the rest of the bladder develops from 
tea. 


Vascular supply of the bladder. The arteries supplying the bladder are . 

“i the superior and inferior vesical branches from the anterior trunk of the internal^ 
st iliac artery and the vesical brandies from the inferior gluteal and obturator arteries. 
:c:In the female it gets additional branches from the uterine and vaginal arteries. 

The veins draining the bladder are arranged into vesical and prostatic venous 
• plexuses which drain into the interna } iliac veins. In the female the vesical plexus 
^represents the vesical and prostatic plexuses ofthe male. 


Nerve supply. It is supplied by both sympathetic and parasympathetic nerves. 
... The sympathetic nerve derives its fibres from the h ypogastric p lexus of sympathetica 
■^•whereas the parasympathetic nerves are d erivcdjrom th e second and the third 
sacral nerves (nervi errigentes). Sympathetic fibres pass fronTThe upper lumbar 
roots and -end in thennfferior mesenteric ganglion. Grey fibres arising from this 
“(ganglion forming the hypogastric nerves ends in a plexus at the base of the bladder. 



The sympathetic nerves arc accelatory for the sphiacier-vesieae-and inhibit 
Tor its musculature. It also contains afferent fibres which carry painful sensati 
wising QuToTtHe* overdistention of the bladder, spasm of the sphincter vesicae : 
ischiaemia of the bladder etc. 
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rf'hc parasympathetic nerves are accelatory for the musculature of the btadikr 
and inhibitory for the sphincter vcsicac. It also contains afTcrcnt fibres which cany 
normal physiological sense of distention to the higher centre. 

Lymphatics of the bladder. The lymph vessels of the urinary bladder begin 
.jin a plcxilorm network in the submucous coat and collecting vessels from there pas 
through the muscular coat and terminate into different groups oflymph nodes si 
follows: 

The lymph vessels from the superior and infero- lateral surfaces terminate into the 
extern? 1 ihzc group oflymph nodes in two ways; some end into them. diteedy whili 
others through anterior and lateral visical group of subsidiary lymph nodes.. 

The lymph vessels from the neck of the bladder pass along with the lymph vessels 
of the prostrte to the sacral and median common iliac group of lymph nodes. 

The lymph vessels from the base of the bladder end into the external and intend 
group of lymph nodes. ~~ * 

*^d5evelopmcnt. The trigone of the bladder develops from the mesoncphic does 
01 (he wolfiian ducts whereas the rest of the bladder develops from the anterior part 
of the cloaca. 


Structure of the bladder. The wall of the urinary bladder consists of four 
coats or tunics and from without inwards they are the serous coat, muscular coal, 
submucous coat and the mucous coat. 


•Serous coat. The serous coat of the bladder is derived from the peritoneum 
which forms a partial investment for this and covers its superior and the upper parts 
of its lateral surfaces. 

Muscular coat. The muscular coat consists of outer and inner longitudinal and 
intermediate circular fibres. 

Outer longitudinal muscular coat. They arc spread on both aspects of the bladder 
and abundantly present opposite the median plane and are less numerous along die 
sides of the bladder. Anteriorly these fibres are continuous with the muscular layer 
of the prostate and also they arc attached to the back of the body of the pubis. These 
fibres which are attached to the back of the pubis are called the pubo-vesical muscles. 
Posteriorly some of their fibres blend with the underlying muscular coat of the bladder 
and some pass backwards to become continuous with the longitudinal muscle fibres 
of the rectum and arc known as recto-vesical muscles. 

Innti longitudinal fibres. They are less numerous and are mostly present along 
the inferior aspect of the bladder and arc reticular in arrangement. Two bands 
of oblique fibres arise from behind the ureteral opening and descending downwards 
ore inserted by a fibrous process into the median lobe of the prostate. These ban* 
are called the muscles of the ureters. By their acrion they maintain the oblique 
direction of the ureter and thus prevent the regurgitation of urine into the ureter. 

Intermediate or middle circular fibres. They form the bulk of fibres. Around the 
urethral orifice they form the sphincter vesicae and then are continued to the 
muscles of the urethra and the prostate. 

Sub-mucous coat. This is a collection of loose areolar tissue which intervenes 
between the muscular and the mucous coats. This coat is absent opposite the 
trigonal area. The vess el s and nerves branch out in this layer before entering 
into the mucous coat. 

A/t-ccus coot. In empty bladder the greater part of the mucous membrane of 
the bladder arc thrown into folds except over the trigonal area. It is continuous 
with the mucous membrane of the ureters and the urethra. It is covered by stratified 
transitional epithelium. 


Applied anatomy. Obstruction to the flow of urine, as in cases of the enlarged P rwt f^ 
Ltunior of the^JJadddW came* h ypemophy of la muscle fibres whic h _jxt^grgiiped-><* 


bunS g^etnch inter lace' one another, ^ u , lBC n 

URd. TEemuSiB TnecrtirafiFTMcg this trabcculated wall bulges 


r wall becomes trzbeeu- 
o the trabecular recess 
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and forms diverticular recesses into which there may be phosphatie concretion to form encysted stone 
: bladder. 

When the bladder is full, injury to the abdomen in the form of kick, fall etc., many cause rup- 
ture of the bladder. Fracture of the pelvic bones is often associated with rupture of the bladder. 
The rupture of the bladder may be inlraperitonea! or extraperitoneal according as its parts are 
involved. 

The bladder may be opened cxtraperitoneally through the r etropubic spa ce which is considerably 
enlarged with its distention. ' 


THE MALE URETHRA 

The male urethra is a s-shaped tube which measures about eight inches in 
length and is divided into three parts, namely,, (1) the part traversing the prostate 
gland — ; -prostata urethra , one and a quarter indies long, (2) the portion piercing die 
pelvic watt — the membranous urethra , three quarter Titan inch^J&ng and (3) the part 
lying within the corpus spongiosum penis — the spongy urethra , six inches loijg.^ 

Prostatic portion of the urethra. The prostatic portion of the urethra 
begins from the internal urethral orifice and traversing through the prostate ends in 
the membranous part opposite the apex of the prostate glancp It is almost vertical 
in direction and is fusiform in shape. It is the widest and the most dilatable part 
of the urethra and measures about one and one-fourth inches in length. In a 
section through the prostatic urethra it is seen to present a median elevated ridge 
known as the urethral crest , - The urethral crest which is formed by the elevations 
of the mucous membrane and the underlying tissue, divides the prostatic urethra 
into two lateral recesses, the prostalic sinus into which the prostatic ducts open. 
Over the middle of the urethral crest there is a localised rounded thickening known 
as the colieulus seminal'ts. At the summit of the colliculus seminalis there is a blind 
opening which extends deeply for about half an inch and is known as the prostatic 
utricle. The ejaculatory duct formed by the union of the vas deferens and duct of 
the seminal vesicle opens by a small orifice on each side of the prostatic utricle. 
Upto the opening of the ejaculatory duct it is lined with transitional epithelium but 
below that with columnar epithelium. The prostatic utricle represents the vagina 
and uterus of female in the male. 

Development. The upper part of the prostatic portion of the urethra upto the 
openings of the ejaculatory ducts, develops from the lower end of the mesonephric 
duct (Wolffian duct) while its lower part is developed from that portion of the uro- 
genital sinus which is formed by the cloaca. 

Membranous portion of the urethra. This is shortest portion of the male 
urethra and lies in between the superior and the inferior layers of the urogenital 
diaphragm. It begins from the apex of the prostate and ends in the bulb of the 
urethra by piercing the perineal membrane about one inch below and behind thej/ 
symphysis pubis. It is directed dorvnwards and forwards with a slight concavity 
forwards and its posterior wall is shorter than its anterior wall. Its anterior wall 
measures about 3/5 inch in length while its posterior wall is about 1/2 inch in length. 

It is the narrowest portion of the urethra. It is surrounded by the sphincter urethrae 
and is related to the two bulbo-urethral glands, one on each side. It is lined with 
columnar epithelium. 

Development. It develops from the urogenital sinus portion of the cloaca. 

Spongy portion of the urethra. The spongy urethra begins from below the 
perineal membrane as a continuation of the membranous urethra and traverses the 
bulb, the body and the glans of the corpus spongiosum and ends in the external 
urethral orifice below the apexirf the glans. It is dilated both at its commencement 
and just above its termination in the external urethral orifice and is known as the 
intrabulbar and temiral fossa (navicular fossa) respectively. The terminal fossa 
is lined with stratified epithelium whereas the rest of it is lined with columnar 
epithelium. 
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Dadopmnt. The penile portion of the urethra, except that within the gba 
penis, is formed by the fusion of the walls of the urethral or genital groove an! 
anteriorly it opens in the undersurface or the base of the glans penis which is know 
as the primary meatus. The terminal portion of the in ethra (glandal part) develop 



Fig. 761. A coronal section of Ihe urinary bladder together with the prostate and the male ure«k« 
and the penw. 


from the urethral plate. The urethral plate is formed by the excessive proliferation 
of the ectodermal cells of the glans which burrow through it and forms a cord of cell: 
wmcb intervenes between the apex of the glans on one side and the primary menttf 
on the other side. Subsequently this cord is canalised and its posterior margin 1 
unite with the margins of the primary meatus and thus the two canals arc continuous 
With each other 
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THE EXTERNAL GENITAL ORGANS (MALE) 

The penis. The penis, a latin word meaning "a tail" is the male organ of 
copulation which is a cylindrical body consisting of three fibro-elastic cylinders, the 
right and the left corpora cavernosa penis, and the corpus spongiosum penis. 


Measurements: 

Length : 

In flaccid condition 
In erect condition 
Breadth : 

In flaccid condition 
In erect condition 


8 to 12 cm. 
12 to 18 cm. 


3 to 4'5 cm. 

4 to 5 cm. 


Parts for examination. It consists of an attached perineal portion known as 
the root, a free pendulous portion known as the body, which ends into a bulbous swell- 
ing called the glam penis, an anterior or dorsal surface and a ventral or urethral surface. 

The root of the penis. The penis has three, roots by which it is anchored to the 
body and are collectively called “the root of the penis”. The root of the penis lies 
in the superficial pouch of the perineum and consists of two bilateral limbs, one on 
each side, and a median one. Each of the bilateral limbs is attached to the medial 
aspect of the inferior ramus of the pubis and is known as the cus penis while the median 
limb which forms a conspicuous bulging at its posterior end, is known as the bulb 
of the penis and is firmly attached to the superior surface of the perineal membrane. 
Thus the bulb of the penis together with the two crura, one on each side, constitutes 
the formation of the root of the penis. 

Crus penis. Each crus penis forms a tapering, fibrous, posterior extremity by 
means of which it is attached to the medial aspect of the inferior ramus of the pubis. 
From their narrow tendinous attachment the two crura' gain in bulk, become changed 
into erectile tissue, and each succeeds to become the corpus covemosum penis. 
The two corpora convemosa penis converse and fused together anteriorly. Each 
crus penis is embraced by the ischiocavemosus with which it is fused and thus 
becomes amply supported. 

The bulb of the penis. It is formed by the posterior bulbous extremity of the 
corpus spongiosum penis and lies within the superficial pouch of the perineum 
where it is firmly attached to the perineal membrane. About 1 to 1.5 cm. in front 
of its posterior extremity its superior surface is pierced by the membra nous urethra and 
on either side at its floor it is pierced by the duct of the bulbourethral gland. The 
bulb of the penis is surrounded by (except its sup. surface) the bulbospangiosus 
muscle which gains its attachment on it. 

The body. The body of the penis is formed mainly by the erectile tissue consisting 
of two corpora cavernosa penis and the. corpus spongiosum penis (corpus cavemosum 
urcthorae). Distally the two corpora cavernosa penis fuse together so as to form a 
single body with a grooved under-surface but proximally the)* diverse to form the 
crura of the penis. The blunt distal extremity of the fused corpora cavernosa penis 
is capped by the glans penis. The corpus spongiosum penis lies in the groove on 
the under-surface of the two fused corpora cavernosum and it ij expanded distally 
to form the glans penis and proximally to form the bulb of the penis which is fixed to 
the perineal membrane. The corpora spongiosun penis is traversed by the urethra 
in its whole length. 

Each of the three cavernous bodies, (they are called cavernous because, they 
contain enlarged venom spaces within them) is surrounded by a fibro-elastic mem- 
brane known as the tunica albuginea. The tunica albuginea for the two corpora 
eavemopa penis forms a common investment and consists of outer longitudinal 
and inner circular fibres which send in a septum between the two bodies knon-n as 
the septum penis. The septum penis is of considerable thickness and is a complete 
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septum close to the root of the penis but towards the other end it is thin and imperfee 
and sends in a series of processes within from dorsal to the ventral aspect so as to fcra ' 
numerous cleft. The deft with the fibrous processes resemble the teeth of a coraS 
and hence the septum penis is also called the stplum pectin! forme. Surrounding all the 
three bodies is another membranous fascia called the fascia of Ike penis Or the t!<w 
fascia of the penis. The dorsal surface of the body of the penis is formed the two 
corpor i ca\ ernosum penis while its ventral is formed mainly by the corpus spongiosum 
and partly the under-surface of the lateral edges of the two corpora cavernosa. 



Fig: 762 The coverings o( the penis. With kind permission from Ledcrle Laboratories Ltd 
Drawn by Mr. Paul Peek. 

The glans penis. It is formed by the distal expanded end of the corpus spongios*® 3 
penis and is conical in shape. In it there lies the slit-like anterior aperture of tW 
urethra at the margin of which the skin covering the glans is continuous with in' 
mucous membrane of the urethra. It fits in with the distal blunt extremity of tW 
fused corpora cavernosa penis and at the junction of the two is a constriction calico 
die neck of the penis. Overhanging the neck, the glans forms a rim-like elevation 
known as the corona glandis. ~ ( 

From the urethral margin the skin fold fuses over glans penis and from thelptfj 
of the neck it is reflected downwards as a free and after a short course is folder 
up to become continuous with the general skin covering the penis. This doubK 
folds of free skin hooding over the glans is called the prepuce or the fore-skin. A nag* 
hke triangular fold of skin connects the deep layer of the prepuce with the ventri 
aspect of die glans^penis opposite the median plane and is known as the frenulum © 
the prepuce. 

Caterings of the penis. The coverings of the penis are the following; 

i ll Skin 

2) Subcutaneous, tissue containing die darios muscle. 

3) Fascia of penis or the deep fascia of the penis. 

4) Tunica albugenea for the corpora cavernosa. 
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s (1) The skin of the perns is very loose and lax and it is more pigmented and has 
r no hairs. It is continuous with the skin of the abdomen above and with the skin of 
t the scrotum below. 

t (2) The subcutaneous tissue is formed by ike dartos muscle and is characterised by absence 
i of fats or adipose tissue. It is continuous with the fascia Camper and Scarpa of the 
■ lower abdomen and with the dartos muscle of the scrotum. 

: (3) Fascia of penis. It is the deep fascia of the penis which forms a common 

i membranous sheath for the three cavernous bodies of the penis and lies undcrneatli 
the dartos muscle from which it is separated by some loose connective tissue. Distally 
it blends with the skin at the neck of the penis and consequently it is absent over the 
glans. Proximally towards its roots the fascia of the penis receives expansions from 
the ischiocavemosus and the bulbospongiosus muscles and gives attachment to the 
suspensory ligament of the penis. 

(4) Tunica albuginea for the corpora cavernosa. It is a white membranous envelope 
which intimately surrounds tile corpora cavernosa penis in front and the corpora 
spongiosum penis posteriorly. The sheath for the corpora cavernosa penis forms 
a common envelope for the two corpora cavernosa and sends a partition between the 
two known as the septum of the penis. The corpus spongiosum penis has its own separate 
tunic (tunica albuginea). 


Ligaments of the penis. The ligament of the penis are the fundiform and the 
suspensory ligaments. The fundiform ligament is a band of fibrous tissue which extends 
from the lower end of linea alba and splits into two lamellae to enclose the penis 





Ftg. 763. The development cT the male internal genitalia. 


954 


HUMAN ANATOMY •* 


and finally ends below by fusing with the scrotal septum. The suspensory ligament d 
the penis is triangular in shape and its base is attached to the condensed mass d 
fibro-areolar tissue in front of die symphysis pubis and its apex is attached to the fascia 
of the penis. 

Vascular supply. The arteries supplying the erectile tissue of the penis are the 
deep aitery of the penis and the artery' to the bulb both of which are branches from 
the internal pudendal artery and arc placed beneath the fascia of the penis. The 
Mimes applying the skin and ihe subcutaneous tissue are the superficial and the d«j 
external pudendal branches of the femoral artery, and the dorsal artery oi the penis, 
branch of internal pudendal artery. 

The reins draining the penis are the superficial and the deep dorsal \eios 
'J he superficial dorsal vein drains the skin and the subcutaneous tissue, lies superficial 
to the fascia of the penis and ends by opening into the great saphenous vein through 
the external pudendal veins. The deep dorsal vein after communicating with the 
internal pudendal vein terminates into the prost^tic venous plexus by passing 
between the anterior margin of the perineal membrane andj the interior pubic 
ligament. 

Nerve supply. The vasomotor nerve for the penis is the nervus errigensfrom 
the second and the third sacral nerves. The dorsal nerve of the penis supplies the 
muscular elements of the penis as well as the skin of the penis. The genital branch 
of the genitofemoral nerve and the terminal twigs from the ilioinguinal nerve supply 
the skin adjoining the symphysis pubis. 

Lymphatics of the penis. The lymphatics draining both the superficial and 
the deep tissues of the penis except the glans penis terminate in the superficial group 
of the inguinal lymph nodes (medial members). The lymphatics draining the glaiu 
penis .accompany the urethra and terminate in the deep group of inguinal lymph 
nodes and into external iliac lymph nodes. 

Structure of the penis. A transverse section of the penis shows its usual cover- 
ings namely the skin, subcutaneous tissue containing plain muscle fibres (dartos 
muscle), deep fascia, tunica albuginea and the structures composing the corpora 
cavernosa and the spongiosum penis. , ' 


SUBCUTANEOUS TISSUE 



The tunica albuginea sends in innumerable processes or trabeculae within the 
corpora cavernosa penis which subdivide cadi body into innumerable spaces which 
are hned by flattened cells resembling the endothdium. The spaces are filled in 
with blood and the trabeculae are made Up of white fibrous tissues, clastic fibres 
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plain muscle fibres, nerves and innumerable blood vessels. The whole arrangement 
gives it an appearance of a sponge, in the intertices of which, it contains large blood 
spaces and hence it is called “cavernous”. The corpus spongiosum penis is similarly 
made up of cavernous tissues but here it is pierced by the urethra and the trabeculae 
contain more elastic fibres. 

Mechanism of erection of the penis. The mechanism of erection of the 
penis depends on psychological sex feeling and afferent sex stimulation which cause 
engorgement of the small tortuous arteries (helicine arteries) in the penis. The engorged 
heHrine arteries pour out their contents directly into the cavernous spaces which result 
in expansion and elongation of the penis. The veins are also engorged and their 
flow is retarted by the contraction of the ischiocavemosus and by the tough penile 
fascia compressing on them. The whole mechanism can be compared to a collapsed 
tube, blunt at one end, into which sufficient amount of fluid is made to run and 
then it is constricted at its open mouth thereby preventing flowing back of the fluid. 

Development. The penis is formed from the excessive growth of the genital 
tubercle situated at the headward end of the cJoacal membrane and from the exten- 
sion of the genital groove into it. The genital groove invades the ventral aspect 
of the genital tubercle and both are elongated to form the penis except the glans 
penis - which develops from the urethral plate. 

Developmental anomalies 

(1) Its shape may be altered due to associated anomalies of the urethra such 
as epispadias, hypospadias, hermaphroditism. 

(21 Its size may be rudimentary 

(3) Its number may be double 1 very 

(4) There may be complete absence of the penis f rare 

(5) Theopeningof theprepuce may be very small, so that, itcannot be retracted 
over the glans ana there is difficulty in micturition. This condition is 
known as phimosis and is a very common anomaly. 

SCROTUM 

The scrotum or the rugose pouch of skin and subcuteneous tissue for the testis, 
is of variable shape and size and hangs down from the lower part of the symphysis 
pubis. It hangs a little lower on the left side due to lower descent of the testis on the 
same side. It presents a median ridge known as the raphe scroti by which the scrotum 
can be divisible into two halves. The raphi scroti is continue dbackwards into the 
perineum and forwards over the urethral surface of the penis, 

Identification. When the testes have been taken out the scrotal skin can be 
identified by the following peculiarities: 

(1) The scrotal skin is thrown out into a series of transverse ridges (rougosity) 
due to the presence of the dartos muscle in its subcutaneous tissue. 

(2) The scrotal skin is more pigmented and on it there are long coarse hairs which 
are parsely distributed. 

(3) The raphe scroti forms 'a median ridge which subdivides the scrotum into 
two halves. 

(4) The skin of the scrotum does not contain any fat. 

‘ The coverings of the scrotum or its constituent layers : ■ 

(1) Skin, (2) Superficial fascia containing the dartos muscle. This fascia 
forms an imperfect partition, the scrotal septum. (3) External spermatic fascia 
derived from die aponeurosis of the external oblique muscle of the abdomen. (4) 
Cremasteric fascia, a prolongation from the internal oblique muscle. (5) Internal 
spermatic fascia, a continuation of the transversalis fascia. (6) Parietal layer 
of the tunica vaginalis derived from the parietal peritoneum. 

The parietal layer of the tunica vaginalis together with the other coverings of 
the scrotum becomes thickened and fused together opposite the bottom of the scrotal 
sac and is attached to the same (bottom of the scrotal sac) to form the scrotal ligament. 
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The scrotal ligament is believed to be the vestige of the gubemaculum testis and during 
operation of the hydrocele, a condition in which fluid accumulates in the vaginal sac, 
the scrotal ligament needs to be divided to isolate the sac. 

Artery supply. The arteries supplying the scrotum are the scrotal, artery, 
the external pudendal branch of the femoral artery and the cremasteric branch of the 
inferior epigastric artery. 

The veins are corresponding to the arteries. The cremasteric vein opens into 
the inferior epigastric vein, the internal pudendal to great saphenous and the scrotal 
to the internal pudendal vein. 

Nerve supply. Sensory nerves. The cutaneous nerves for the scrotum are the 
scrotal branches of the perineal nerve, the genital branch of genitofemoral nerve, 
the ilioinguinal nerve, and the perineal branch of the posterior femoral cutaneous 
nerve. 

Motor nerves. The dartos muscle is supplied by branches from the hypogastric 
plexus of sympathetic (plexus that accompanies the vas'deferens) and is involuntary 
in action. The cremasteric muscle is supplied by a branch from the genital branch 
of the genitofemoral nerve. 

Lymphatics. The lymphatics draining the scrotum terminate into the medial 
members of both the groups of the superficial inguinal lymph nodes. 

Development. The scrotum develops from the bilateral labio-scrotal folds. 

Developmental anomalies. (1) Anomalies of the scrotum may arise as a result of 
defective obliteration or non-obliteration of the processes vaginalis and these condi- 
tions have been dealt with in connection with descent of the testis (see page 992). 

(2) Infantile scrotum. In some cases due to defective formation of the scrotal 
cavity the scrotum remains as rudimentary pouch (Infantile scrotum) or the pouch 
may not develop at all. These conditions are usually associated with undescended 
testis. 

(3) Bifid Scrotum. In this condition the two halves of the labio-scrotal folds 
fail to fuse together in the median plane and a median deft persists in between the 
two. Such condition is usually associated with fusion defects of the urethra (hopos- 
padius, hermaphroditism). 


THE SEMINAL VESICLES 

The seminal vesicles are two sacculated, pyramidal pouches, one on each side, 
situated between the base of the urinary bladder in front and the rectum behind. 
It is obliquely placed being directed downwards, medially and forwards and runs 
parallel to the terminal part of the vas deferens lying on its medial side. 

Measurement : 

Length — 2 inches 

Breadth — l inch (across its widest part) 

The uncoiled tube, of which it is a coiled sac, measures about 10-12 cm. in 

length and 3-4 mm. in diameter. 

Sheath. Each seminal vesicle is surrounded by a dense fibrous sheath derived 
from the visceral layer of the pelvic fascia. 

Paris for examination. It consists of a broad upper end or pole, a narrower lower 
end or pole, an anterior and a posterior surface, medial and lateral borders and a duct. 

The upper pole is broad and rounded and is directed upwards, backwards and 
laterally and is related to the vas deferens and the ureter. 

The lower pole is narrow and is directed downwards, medially and forwards 
and is succeeded by its duct. The duct from both the sides converge together with 
the vas deferens intervening. The duct joins with the vas deferens at an acute 
angle to form the ejaculatory duct. 
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Anterior surface. The anterior surface is intimately related to the base of the 
bladder between the ureter and the prostate. 

Posterior surface. The upper pari of the posterior surface is covered by the peritoneum of 
the greater sac. Its lower part is uncovered by the peritoneum and is related to the 
rectum from which it is separated by the r ectovesical fasc ia (fascia of Denonviliier). 

Lateral border. It is intimately related to the prostatic venous plexus. ' Its 
medial border is related to the ampulla of the vas deferens. 

Vascular supply. The arteries supplying the vas deferens are the branches from 
the inferior vesical, middle rectal and artery to the, vas d efere ns. The veins are 
corresponding to the arteries. : 

Lymphatics. The lymphatics draining the seminal vesicles terminate in 'the 
internal iliac group of lymph nodes. 

j Verve supply. Nerves arc derived from the pelvic plexus y. 

Functions. They behnvelike secreting glands and addlhelr content to the seminal 
fluid during sexual act. 

Development. During the fourth month each seminal vesicl e ari ses as out- 
pouching of th e lower e nd of_t}ic .mesonephri c~duct.imfn cdiately above the ‘ prostatic 
buds. aT 1 ~ ’ — — — n * 

Sihieture of seminal vesicles. It consists of an outer fibrom coat derived from the 
plclvic fascia, an inner mucous coat and an intermediate muscular coat. The 
muscular coat consists of outer longitudinal and inner circular fibres. The mucous 
coat is lined by columnar epithelium and is characterised by the formation of in- 
numerable diverticula. 

, Age'changes. Before puberty the muscular and connective tissue components 
of seminal vesicles become more developed than its mucous membrane which is 
comparatively smoother due to scanty folds. At puberty the mucous membrane 
becomes highly developed and is thrown into innumerable folds by the influence of 
the male hormone. At old age it involutes either partially or completely due to 
deficiency of sufficient androgen. 

Ejaculatory ducts. The ejaculatory ducts are two in number, one on each 
side of the median plane and each is formed by the union of the excretory duct of the 
seminal vesicle and the terminal portionofthevas deferens. Each duct measures about 
2 cm. in length. The two ducts pierce through the base of the prostate and are 
directed downwards and forwards and slightly mediahvards so that finally they con- 
verge to each other and end by opening into the prostatic part of the urethra on 
ejther side of the prostatic utricle at a little lower level than the latter. At its 
commencement each duct measures about 2 mm. in diameter but In its course it 
gradually narrow's down and finally at its termination it is represented by a pin-point 
opening. 

Structure of the ejaculatory duct. The portion that pierces the prostate gland has 
/' no outer fibrous layer otherwise it has the same layers as the seminal vesicles but 
here the outer muscular layer is formed by circular fibres whereas the inner muscular 
is formed by the longitudinal fibres. 


THE SPERMATIC CORD 

It is a crod-like structure by which the testis is suspended into its scrotal sac. 
- It is called spermatic cord because one of its constituents is a duct, the vas deferens, 
which carries spermatozoa from the testis to the seminal vesicle and the prostatic 
part of the male urethra. 

, Extent. The spermatic cord extends from the upper part of the posterior border 
t of the testis to the deep inguinal ring beyond w'hich the constituents of the spermatic 
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cord run in various directions in the extraperitonea! tissue and loses its cord-hke 
character. . 

- During foetal life the testis in its course of descent from the abdominal cavity 
into the scrotal sac carries its duct, the vas deferens, together withits blood vessels 
and nerves and all these structures meet together at the deep inguinal ring so as to 
form a cord-like structure, the spermatic cord. It then traverses thrtmgh the inguinal 
canal, comes out of it through the superficial inguinal ring and then descends into 
the scrotal sac and terminates into the upper part of the posterior border of the testis. 
„ * Thus the spermatic cord has a scrotal course and an inguinal cotiiseT^Tnltr^Ziavil 
course it ascends vertically upwards to the front of the pubic crest where it can be 
rolled as a cord-like structure under the palpating finger. In its inguinal course it 
runs almost horizontally lateralwards through the inguinal canal. 

Coverings of the spermatic cord. The coverings of the spermatic cord are 
following from within outwards: 

(1) Internal spermatic fascia. Derived from the transvcrsalis fascia as it passes 
through the deep inguinal ring. 

(2) Cremasteric fascia . Derived from the cremaster muscle as it passes through 
the medial part of the inguinal canal. 

(3) External spermatic fascia. A thin loose Fascia which h derived From the 
margins of the superficial inguinal ring. 

Thus the scrotal part of the spermatic cord lying outside the inguinal canal 
acquire three coverings, internal spermatic fascia, cremasteric muscle and fascia and 
the external spermatic fascia fromwithinoutwards; in the medial half of the inguinal 
canal from the lower border of the internal oblique muscle to the subcutaneous 
inguinal ring it has two coverings, internal spermatic fascia and the cremasteric 
muscle and fascia and in the rest of its extent in the inguinal canal it has only one 
covering, the internal spermatic fascia. 


Content of the spermatfe cord: 

»(1) Vas deferens. ^ y 

f(21 Testicular artery — a brapeh of abdominal aorta. 

‘(3) Pampiniform plexus. / / 

*(41/ Artery to the vas deferens^-a branch of superior vesical. 

Cremasteric artery — a branch of inferior epigastric. 
yifi) Testicular lymphatics — terminates into internal iliac and aortic lymph 
'''nodts. 

Lfjpftifal branch of genitofemoral nerve. 

j/Tesp'fSular plexus of sympathetics — from aortic and renal plexuses. 

F Branches from the hypogastric plexus of nerves that accompany the 
'vas deferens. 

Remains of the processus vaginalis. 

X) Ilioinguinal nerve — it is associated with the spermatic cord in its course 
from die medial half of the inguinal canal to the scrotum. 


Relative position of the constituents of the spermatic cord. The vas 
deferens forms the posterior most structure. The artery to vas deferens accompanies 
V. it and is incorporated within its sheath. The branches from the hypogastric plexus 
of sympathetic nerves also accompany the vas deferem. "The remains of the tunica 
vaginalis lies in front of the vas deferens. The testicular artery together with the 
testicular plexus of sympathetic nerves derived from the aortic and renal plexuses 
lies in front of the vas deferens and the remains of the tunica vaginalis being embedded 
within the pampiniform plexus of veins. The pampiniform plexus of veins almost 
surrounds the vas deferens and forms a close networks of veins which is divisible 
surgically into anterior or spermatic group which is closely associated with the testicular 
artery and a posterior or deferent group which is intimately associated with the vas 
deferens (diagram no 765). The pampiniform plexus of veins run together to form 
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three or four veins at the superficial inguinal ring, they further unite to form two veins 
at the deep inguinal ring antTuTSie abdomen they unite together to form a single 
vein, the testicular vein which terminates into the inferior vena cava on the right 
side and into the left renal vein on the left side. 



Fig. 765. A traruverae section of the spermatic cord. 


Surgical importance. The pampiniform plexus of veins may he the frequent 
seat of varicocele in which the cord may be enormously distended. In an operation 
for such a condition the spermatic group of veins is removed surgically. Encysted 
hydrocele of the cord is a congenital disease affecting the cord in which fluid accu- 
mulates in the processm vaginalis which remains patent between the deep inguinal 
ring and the tunica vaginalis testis. 


PROSTATE 

The prostate is a fibro-musculo-glandular organ surrounding the pelvic part 
of the urethral canal and resembles a chestnut in appearance. Its muscular coat 
is continuous with the longitudinal muscle fibres of the urinary bladder. 

Situation: It is situated within the pelvic cavity behind the lower part of the 
symphysis pubis and in front of the rectal ampulla. 

Measurements and weights: 

Vertical . . . . 1 £ iifches. 

Transverse . . l| inches. 

Antero-posterior . . § inch. 

Weight . . .. .. i to J oz. 

Capsules: The prostate is surrounded by two capsules— true and false. The 
true capsule is formed by a condensed mass of fibroareotar tissue that intimately 
surrounds the gland and is easily separable from it. Th t false capsule is formed by the 
visceral layer of the pelvic fascia which lies superficial to the true capsule and provides 
a sheath common to it and the urinary bladder. The prostatic venous plexus lies 
between the two capsules and receives in front the deep dorsal veins of the penis. 
This venous plexus is absent posteriorly. Tire posterior part of the prostatic capsule 
is broad, strong and membranous — the recto-cesical fascia and is often called by the 
surgeon, the fascia of Denonvilliers. 

The false capsule derived from the pelvic fascia is continuous with the superior 
layer of the urogenital diaphragm interiorly and thereby gaining its attachment 
to the pubic arch through the latter. The median puboprostatic ligament connects 
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the anterolateral part of the capsule to the back of the lower part of the body of the 
pubis whereas the lateral puboprostatic ligament connects it with the fascia of the 
tcvatorcs ant posterolatcrally and thus the prostate insufficiently secured in position. 



Parts for examination: Anatomically it consists of a base or superior surface, 
an apex and an anterior, a posterior and two inferolatcral surfaces and two lateral 
lobes and a median lobe. 

Base or superior surface: The base b directed upwards and is continuous 
with the neck of the bladder. It b pierced by the urethra, wliicli lies anteriorly 
opposite the median plane, and by the ejeculatory ducts which lie posteriorly on cither 
side of the median plane. It b in relation to the terminal part of the vas deferens 
and the seminal vesicles. 

Apex: The apex is directed downwards and b in contact with the superior 
layer of the urogciutal diaphragm and is continuous with the membranous portion 
or the urethra. 

Anterior surface: The anterior surface lies behind the symphysis pubb 
from which it b separated by the retropubic pad of fat and the pudendal plexus of 
veins and is connected with the back ofttfic svmphysb pubb by the median pubo- 
prostatic ligament. It lies at a distance' pf $ inch. behind the lower part of the 
symphysis pubb. 


THE URINARY SYSTEM 


961 


Posterior surface. The posterior surface is related to the rectal ampulla and 
lies at a distance of li inches from the anus. It can be felt through the rectum by 
digital examination. 

Inferolateral surfaces. The two inferolateral surfaces, one on either side, 
are embraced by the anterior fibres of the levator ani muscle which act as elevator of 
the prostate gland and are known as the levator prostatae. 

Fissures and lobes. Anatomically a vertical median groove on the posterior 
surface subdivides the gland into two lateral lobes which are united together anteriorly 
in front of the urethra by a fibro-muscular band known as the isthmus. Superiorly 
the base presents an annular groove which intervenes between it and the neck of the 
bladder and its posterior part is pierced by two ejaculatory ducts and the portion 
of the gland between them and the urethra is called the median lobe of the prostate. 

Developmental^ : 5 lobes and 5 surfaces. 

(1) Anterior lobe. It develops in the third month of foetal life from tubules 
growing from the anterior wall of the prostatic urethra. This lobe completely 
disappears at 6th year and is represented by the anterior commissure only. It has 
no glandular tissue and is made up of fibro-muscular tissue. 

(2) Median lobe. It lies behind the urethra and in front of ejaculatory ducts. 
Structurally it consists of glandular tissue mostly and hence adenomatous growth is 
common in this part. 

(3) Posterior lobe. It lies behind the median lobe (Primary carcinoma 
common). 

(4) Two lateral lobes. They arc situated at the sides, one on each side, and are 
joined together in front of the urethra by isthmus which is devoid of glandular tissue. 

Surfaces: 

(0 Superior surface or base. 

(2) Posterior surface. 

(3) Anterior surface. 

(4) Two inferolateral surfaces. 

Structure. It consists of muscular, glandular and fibrous tissues and the 
proportion is 4 glandular, J muscular and | fibrous. The glandular tissue is arranged 
in three concentric layers around the urethra and from within outwards they are 
the inner or mucous, intermediate or submucous and outer layers. The mucous 
glands are simple type of glands and lie just beneath the mucous membrane of the 
gland. Their ducts open into the prostatic sinus above the level of the colliculus 
seminalis. The sub-mucous glands open into the sinus opposite the level of the colli- 
culus. The outermost layer of glands is a branching type of gland and extends to all 
sides except anteriorly where the two margins of the prostate gland are joined together 
by a fibromuscular isthmus. 

Vascular supply. The arteries supplying the prostate arc derived from 
the internal pudendal, inferior vesical and the middle^ rectal arteries and the vesical 
branches of the inferior gluteal (all are branches froni the anterior division of the 
internal iliac artery) artery. **'" 

The veins from the prostate open into the prostatic venous plexus which 
communicates in front with the deep dorsal vein of the penis and behind with the 
vesical venous plexus and finally drain the blood into the internal iliac vein. 

Nerve supply. It is supplied by pelvic plexus of sympathetics. 

Lymphatics. The lymph vessels from the prostate mostly follow the inferior 
vesical arteries and terminate into the anterior and lateral vesical and into the internal 
iliac group of lymph nodes; some lymph vessels follow the vas deferens to terminate 
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into the external iliac group of lymph nodes while a few others run backwards to end 
into the sacral group of lymph nodes. 

Development. During the third month of intrauterine life the glandular 
part of the prostate develops as a scries of solid outgrowths from the epithelium of 
the urogenital sinus. Later on, all these solid outgrowths fuse together to form a 
tubular mass from vv hich the glandular part of the prostate is derived. The muscular 
part of the organ develops from the surrounding mesoderm during the fourth month 
of intrauterine life and fuse with the glandular part. 

— The *o called anterior lobe of the prostate it often referred to but in normal adult person 
it jiescr edits (Burhanon) and it is only present during early embryonic life. During the third month 
of foetal life it is formed from the tubules gross ing from the anterior part of the prostatic urethra. These 
tubular growths, which form the anterior lobe during earl) foetal life (third month) begins to disappear 
from the 22nd week of embryonic life and before sixth year or life it completely disappears and its 
place is taken up by the fibromuscular isthmus of the gland Thus we see that the adult prostate 
consists of 2 lateral lobes and a median lobe, whereas the foetal prostate and the prostate of early child- 
hood (before 6 >cars), consist of two lateral lobes, a median lobe, a posterior lobe, and an anterior 
lobe. The fascia of Dcnonv tiled u the fibrous remains of two fused peritoneal layers, which in foetal 
hie separates the prostate and the rectum. 

Applied anatomy. Hie prostate gland is the frequent seat of malignant disease 
(cancer). Hypertrophy of the gland is a usual phenomenon during advanced life and 
as all hypertrophy afreets the mucous glands (young) the line of least resistance is 
towards the interior of the bladder and the urethral canal and consequently the 
hypertrophied gland projects into the bladder through the internal urethral orifice 
causing obstruction in the flow of urine. Hypertrophy of the lateral lobes is not 
uncommon. 

An approach to the prostate from ike perineum. Give a transverse incision in front 
of the anus opposite the ischial tuberosities. Retract the skin and the fascia both 
upwards and downwards and expose the sphincter ani externus. Cut through the 
fibres of the sphincter ani extemus and separate it from the central tendon of the 
perineum. Then pull the anal canal backwards and separate the urogenital triangle 
from the anal triangle. Then with the aid of the handle or the knife separate the 
anal canal from the perineal membrane and pull it further 'backwards. The anterior 
margins of the levator ani are now exposed. Then with the help of the finger push 
the pelvic fascia stretching between the rectum and the prostate upwards and now 
the posterior aspect of the prostate and the anterior aspect of the rectum arc exposed. 


THE FEMALE EXTERNAL GENITAL ORGANS 

The female perineum, like that of the male, is subdivided into urogenital triangle 
and the anal triangle. The anal triangle bears the same features as that in the 
male while the urogenital trianglr, although it maintain* many features in common, 
bears the external genital organ which requires separate descriptions. 

The labium majus represents the male scrotum and splits into two labia majora 
in the female. These arc elongated skin folds situated on either side of a median 
cleft, the pudendal cleft. Botli anteriorly and posteriorly they unite together to 
form the anterior and posterior commissures respectively. Above the anterior 
commissure and opposite the anterior aspect of the symphysis pubis they are continu- 
ous with each other and form an elevated mount of fat known as the mans pubis. 

The labia minora are skin-folds situated on the medial side of the labia majora 
within the pudendal cleft. The upper end of each labta minora splits into two folds 
which arc continuous with the fellow of the opposite side in the median plane. The 
upper fold covers the glans clitoris and corresponds to the prepuce in the male while 
the lower fold is attached to the undersurface of the glans clitoris to form its frenulum. 

The vestibule of the vagina lies in between the two labia minora and is triangular 
in shape. The vaginal opening is situated in the lower part of the vestibule and 
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situated above and in front of the vaginal opening is the slit-likc opening of the 
urethra. A thin irregular fold covers the mouth of the vagina known as the hymen 
in the vergin. 

The clitoris or the female penis is situated at the apex of the vestibule and 
has two crura, a prepuce and a frenulum. 

The bulb of the vestibule is the soft structure that lies between the vagina and 
the glans clitoris and corresponds to the bulb of the penis. It is a bilateral structure 
in the female which surrounds the urethra and the vagina. 

The greater vestibular gland or Bartholin's gland corresponds to the bulbo-urcthral 
gland in the male but it has a different situation in the female. It lies against the lateral 
wall of the lower part of the vagina and its duct which measures about J inch in 
length, opens into the vagina in the angle between the attached border of the hymen 
and the posterior end of the labia minora. 



The vagina, a latin word meaning a "sheath” is the female organ of copulation 
and resembles a tube whose walls are opposed to each other. The axis of the tube 
runs parallel to the plane of the inlet of the pelvis. It consists of anterior and posterior 
wails. Its anterior wall is shorter than its posterior wall and measures three } inches 
in length while its posterior wall measures about four inches in length. .-It extends 
bom the pudendal cleft to the lower end of the recto-uterine pouch. The v 



HUMAN ANATOMY 


9G4 

of its anterior wall is pierced by the cervix uteri, its middle-third is in contact with 
the base of the urinary bladder and the urethra while its lower- third lies in the 
lower part of the vestibule and is lined by the same mucous membrane that lines the 
urethra. Its posterior u .all in its upper-fourth is covered by the peritoneum and 
is separated from the tectum by the recto-uterine pouch. Its middle two-fourths 
arc separated from the rectum by some loose areolar tissue while its lower one-fourth 
is separated from the anal canal by the perineal body. In its course, the vagina 
pierces the centre or the perineal membrane. On cither side it is embraced by the 
anterior fibres of the levator ani and the bulb of the vestibule. Surrounding the 
attachment of the cervix uteri is a gutter and according to the situation it is named 
as anterior, posterior and lateral Jamas. Superiorly each lateral forix is crossed 
by the base of the broad ligament, the ureter and the uterine artery. 

Artery and time supply. The arteries supplying the vagina are the vaginal, 
uterine, and middle rectal arteries from the internal iliac artery' and the veins drain 
into the internal iliac vein. 

The nerves supplying the vagina are the vaginal plexus of nerves and the nervus 
errigens. 

Structure of the vagina. It consists of a mucous coat lined by stratified sqamous 
epithelium. In the lower part of the vagina the mucous membrane forms the rugae 
and papillae while in the deepest part it is smooth. Surrounding the mucous coat 
is a layer of muscular coat consisting of circular and longitudinal fibres and outside 
the muscular coat is a fibroarcolar adventitous coat. 

Female urethra. The female urethra is one and a half incites long and begins 
from the internal urethral orifice and then curves downwards and forwards below 
the symphasls pubis and lies in front of the anterior wall of the vagina and finally 
it pierces the perineal membrane and cnd3 in the external urethral orifice situated 
in the vestibule about one inch below the clitoris. 


TEMALE REPRODUCTIVE ORGANS 
THE UTERUS 

The uterus is a pyriform hollow muscular organ or the female genital tract 
contained within the pelvic cavity and is situated in between the urinary bladder in 
front and the rectum behind. It communicates with the vagina in front and 
with the general peritoneal cavity by uterine tube which opens into its lateral angle. 

Different parts. It consists of a fundus, a body and the cervix. The fundus 
of the uterus forms the upper expanded portion of the uterus and lies above a line 
joining the two uterine tubes. The body of the uterus gradually diminishes in size 
from the fundus to a constriction below known as the isthmus which corresponds 
internally to the internal os. The cervix uteri extends from the level of the Internal 
os to the external os and is divisible into supravaginal and vaginal portions by the 
attachment of the vagina. 


Measurements and weight: 

Body and fundus 
Cervix uteri 

Uterine cavity and cervical canal 
Weight 


2 inches. 

I inch. 

2£ inches. 

1 to 1 | oz. 


Peritoneal relation. Body and fundus — are completely covered by peritoneum. 
Cervix uteri— The supravaginal portion of the cervix uteri is covered by peritoneum 
only in its posterior aspect, it is not covered by peritoneum anteriorly. 



A dissection of the female external genitalis. With kind permission 
from ; Lederle Laboratories Ltd. Drawn by Mr. Paul Peck. 

[ To face page 964 J 



THE URINARY SYSTEM 




Axes of the uterus. The long axis of the body meets the long axis of the cervix 
at an angle which is open forwards and this position of the uterus with a forward 
concavity is known as the anteflexedposilion. The long axis of the cervix meets the 
long axis of the vagina at afT angle wKTcfTis open anteriorly and the whole uterus 
is turned forwards on the vagina and this position of the uterus is knoiui as the 
anUveiled position. 

Fundus. The fundus of the uterus lies above the line joining the two uterine 
tubes. It is convex in all directions and is continuous with the anterior and posterior 
surfaces. It is completely covered by the peritoneum and is related with some 
coils of the small intestine. 

Body. The body is continuous above with the fundus and below with the 
cervix at the level of the internal os which is a constriction at the junction of the 
body and the cervix and corresponds to the internal os internally. It gradually 
tapers towards the cervix. It consists of vesical or anterior and intestinal or posterior 
surfaces and two lateral margins, right and left. 

The cesical or anterior surface is flat and is directed downwards and forwards. It 
lies in contact with the urinary bladder which lies below and in front of it. It is 
covered by peritoneum as far as the level of the internal os from where it is reflected 
on to the superior surface of the urinary bladder forming the utero : vesical fold and 
the excavation between them (bladder and uterus) is Lnownas the v esicozu lenne 
pouch. 

The intestinal or the posterior surface is convex and is directed upwards and back- 
wards. It is covered by peritoneum. Traced downwards and backwards the peri- 
toneum is seen to cover the supravaginal portion of the cervix uteri and the upper 
part of the posterior wall of the vagina and then is reflected to the rectum forming 
the recto-u t erinejfold. The peritoneal excavation in this situation between the 
uterus and "the* rectum- is known as the recto-uterine pouch (pouch of Douglas). 


SUPRAVAGINAL PORTION Of CERVIX 
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The intestinal surface of the uterus is related to the rectum, sigmoid colon and some 
coils of the small intestine. 

The lateral margin of the uterus is convex and gives attachment to the broad 
ligament which stretches laterally to the pelvic wall. It is related to the uterine 
vessels which lie in between the two layers of the broad ligament.^ The uterine 
tube pierces the uterus at the upper end of each lateral margin. Lying below and 
in front of the tube is the round ligament of the uterus* and -below and behind is 
the ligament of the ovary. 

Cervix uteri. Tire portion of the uterus from the level of the internal os to the 
external os forms the cervix uteri. It is about 2-5 cm. in length and is more cylindrical 
in form than the body. If projects through the anterior wall of the vagina and 
protrudes into the cavity of the same. Thus it is divided into an upper supravaginal 
portion and a lower vaginal portion. 

The supravaginal portion of the cervix uteri is covered by peritoneum posteriorly 
but it is devoid of peritoneum anteriorly. It is related in front to the bladder from 
which it is separated by some loose areolar tissue known as the parametrium. 
Posteriorly it is in relation to the rectum and the rccto-uterine pouch winch contains 
a few coib of the ileum and sometimes the pelvic colon. On cither side, the cervix 
uteri is in relation to the uterine artery and ureter. The ureter and the uterine artery 
run side by side For a distance of 2’5 J cm.>ancl then the uterine artery crosses in 
front of the ureter and ascends upwards in between the two layers of the broad 
ligament. The ureter lies at a distance of 2 cm. from the cervix uteri. 

The vaginal portion of the cervix uteri projects into the anterior wall of the 
vagina and lies in between the anterior and posterior vaginal fomiccs. In the 
centre of the vaginal portion of the cervix there is an oval depression leading into a 
circular aperture known as the external os which is bounded by two lips, anterior 
and posterior. The anterior lip is shorter and thickened and projects to a lower 
level than the posterior lip. Through the external os the uterine cavity communi- 
cates with the vagina. 

In a horizontal section through the uterus the cervix is found to contain a canal 
within — the cervical canal which is fusiform in appearance and communicates above 
with the cavity of the uterus through a constricted opening known as internal os 
and below with the vagina through the external os. The wall of the canal presents 
an anterior and a posterior longitudinal ridge and from each of these ridges a series 
of small mucous folds spread in the walls of the canal. These folds are known as 
palmate folds and the longitudinal ridges with these folds, which resemble the 
appearance of branches from the stem of a tree, are known as arbor vite uteri. 

Isthmus. The upper third or less of the cervix is called the isthmus. 

Anteriorly the peritoneum is reflected from the level of the internal os to the 
urinary bladder whereas posteriorly it is covered by peritoneum. The isthmus 
perc ents so me specia lfeat ures both s tructur al! yj xs_Av ell as func tionally. Tlnffituhg 
epithelium is _ thinner~than that m the body and it coritainTaTcwer glands which are 
not branched. It is covered by columnar ciliated epithelium. Functionally 
its mucous membrane undergoes cyclical changes associated with the menstruation 
but they are less pronounced. During pregnancy, during the first month, it is not 
affected by any change but during second month it is gradually taken up by the body 
to form the lower uterine segment. In the lower uterine segment the foetal membranes 
are not attached whereas they arc firmly adherent with the lining mucous membrane 
of the body of the uterus. 

, Supports of the uterus. The supports of the uterus may conveniently be 
divided into true and false supports and they have been grouped as follows: 

True support:: 

1. The muscular sling of the uterus derived from the pelvic diaphragm 
(levator ani). 

2. The condensation of the pelvic fascia around the blood \ essels of the organ. 
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3. Fibromuscular ligaments. In addition to the fibrous tissue they contain 
muscle fibres which are continuous with the musculature of the uterus. 
They h)-pertrophy during pregnancy and involute at the termination 
of the same. . 

(a) Pubo-ccrvical ligament. ' — ^ 

(4) Ligamcmum transversale coli (Mackenrodts ligament) or the 
lateral cervical ligaments. 

(c) Uterosacral ligaments, v? - 

(d) The round ligament of the uterus. It is not yet definite 
whether it is a true or a false support. (?) 

False supports. The peritoneal connections of the uterus are considered as 
different peritoneal ligaments but as thcyjail ^o tp yc-cflcct i y£ support (having no firm 
attachment) they are eonsiderca as false ligaments. They have been grouped as 
follows: 


4. Broad ligaments. 

5. Anterior ligament of the uterus. 

6. Posterior ligament of the uterus. w 

1. The muscular sling of the uterus. It is formed by the pubo-coccygeus part 
of the levator ani of the pelvic diaphragm. Thc _fibres n Lpubo-coccygeus parr of 
the levator ani, as they descend dowmvards,''5adttyards and medially, they pass 
by the sides of the vagina to gain its posterior’aspcct arid the perineal body in between 
the vagina and the rcctuYn. In their course they arc inserted into the sides and 
posterior aspect of the vagina and into the perineal body and thus these fibres act 
as a supporting sling as well as a spincter for the vagina. As the vagina is in direct 
continuity with the uterus the pubo-coccygeus is also acting as a sling for the latter. 

2. Condensation of the pelvic fascia around the blood vessels of the organ. They form 
effective support for the uterus. 

(a). Pubo-cervical ligament. It extends from the anterior aspect of the cervix 
uteri to the back of the body of tl»c pubis. It corresponds to the lateral and medial 
pubo-prostatic ligaments of the male. 

(4), Ligamer.tum transversale coli (Mackcnrodts ligament) or the lateral cervical 
ligaments. It forms a pair of condensed fibro-muscular bands, one on each side, 
that extends from the side of the cervix uteri and the upper part of the vagina to 
the side wall of the pelvis. 

(c). Uterosacral ligaments. They form two fibro-muscular bands which extend 
backwards from the posterior aspect of the cervix uteri and then passing on each 
side of the rectum arc attached to the front of the sacrum. They form two band3 
which embrace the sides of the rectum like the blades of a forcep. 

t 3. Rout’d ligament cf the uterus. The round ligament of the uterus is a 
fibro-muscular cord about five to six inches long and extends from the lateral 
angle of the uterus to the labium majus. At its commeneem’ent it is placed below 
and in front of the uterine tube. * In 'its course it crosses the obturator vessles and 
nerves, obliterated umbilical -artery and external iliac vessels. _ Then it winds round 
the inferior epigastric artery, enters the deep inguinal ring, traverses the inguinal 
canal and is finally lost in the labium majus in front of the symphysis pubis. 

It is one of the supports of the uterus and maintains the anteverted and 
anteflexed position of the uterus and represents the distal portion of the gubema- 
cuium ovaty. 

4. Foard ligaments. From each side of the uterus a double fold of peritoneum 
extends to the lateral wall of the pelvis forming what is known as the broad or lateral 
ligament of the uterus. The uterus together with the two broad ligaments form a 
transverse partition in the pelvic cavity and divides it into anterior and posterior 
compartments. 


960 


HUMAN ANATOMY 


Each broad ligament consists of anterior and posterior surfaces and superior, 
inferior, medial and lateral borders. The superior border forms a free border along 
uliich there runs the uterine tube. The inferior border is attached to tire anterior 
wall wherras its lateral border is attached to the lateral wall of the pelvic cavity. 
Medially it is attached to the side of the fundus, body and supravaginal portion 
of the cervix. The peritoneum is derived from "the peritoneum of the greater sac 
which is reflected to the uterus from the rectum forming the recto-uterine fold and the 
rccto-utcrine pouch or the pouclTof Douglus and' then is reflected into the bladder 
forming the utcro-vesical fold and pouch. The layers of the peritoneum that cover 
the surfaces of the uterus are spread to the lateral wall of the pelvis as two broad or 
lateral ligaments of the uterus. 

Contents: 

(1) Pari of uterine tube. It lies along its superior border. 

(2) Part of round ligament of the uterus. It lies below and in front of the uterine 
tube. 

(3) Ligament of the ovary. It lies below and behind the uterine tube. 

(4) Uterine vessels, nereis and lymphatics. They run along the side wall of the 
uterus. 

(5) Ovarian vessels, nerves and lymphatics. They enter the hilum of the ovary 
through the infundibulo-pelvic ligament. 

(6) Paroophorons (Paroo— by the side; Phoron = egg basket or ovary). 
This is the remains of the mesonephric duct and lies in between the 
ovary and the uterus. 

(7) Epoophoron (Epoo=ahove; phoron— egg basket or ovary). This is 
the remains of the mesonephric body containing both tubules and the 
duct of embryonic life and lies above themeso-ovarian border of the ovary. 

(8) Accessory suprarenal gland (sometimes). 

(9) Parametrium consisting’of unstriped muscle fibres and areolar tissue and 
fat. 

(10) Portion or ureter that crosses the base of the broad ligament. (Text 
book of Anatomy, Cuningham, and Surgical Anatomy by C. Latimer 
Callander). 

5. Anterior ligament of the uterus. This is a peritoneal ligament which extends 

from the isthmus of the uterus to the base of the bladder futero-vesical fold of perito- 
neum). - * 25 

6. Posterior ligament of the uterus. It is formed by that fold of peritoneum which 
extends from the rectum to the supravaginal portion of the cervix uteri forming 
the rccto-utcrine fold of peritoneum and the space contained between the reflec- 
tions >s known as the rccto-utcrine pouch or pouch of Douglas and is about H inches 
drfpt, 

Artery supply. The arteries supplying the uterus are the uterine branch of 
the internal iliac artery and the ovarian branch of the abdominal aorta. As soon 
as the uterine artery reaches the' uterus it becomes extremely tortuods and at the 
point where the uterine artery- meet the cervix uteri it anastomoses with the vaginal 
branch oF the internal iliac artery which also supplies some twigs to the cervical 
region of the^ uterus. The tortuosity of the uterine artery is due to the change in 
size and. position of the uterus during pregnancy and different phases of the reproduc- 
tive period. 

The uterine artery reaches a point about 2 cm. lateral to the supravaginal portion of the cervni 
uteri and crosses above the ureter in this rituation and then ascends upwards along the lateral margin 
of the uterus in between the two layers of the broad ligament to the upper lateral angle of the uterus 
where it ends by anastomosing with the uterine branch of the ovarian artery. From opposite the 
lateral margin of the uterus some large branches of the uterine artery penetrate into the myometrium 
while others pass transversely at a varying depth from it* surface and anastomose with similar branches 
from the opposite side to form arterial arcades. From these arterial arcades numerous brandies 


iNffwon hesintfuic plexus 



A dissection to show the vascular. lymphatic and nerve supply of the 
female reproductive organs. With kind permission from : Lederle 
Laboratories Ltd Drawn by Mr Paul Peck. [To face page 969] 
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penetrate Into the myometrium. _ From the myometrium minute branches run into the endometrium. 
The endometrial vessels are divided into two types, short straight usscls and long spiral vessels. The 
former terminate into capillaries into the basal layer of the endometrium while the latter take a spiral 
course in between the endometrial glands into the stratum comp actum of the endometrium where 
they end into capillary bed. Structurally the short, straight arteries arc characterised by the absence 
of elastic tissue in their intima! layer. 


i: 


The veins of the uterus form a plexus known as the uterine-pkxus. The lower i 
part of this plexus is drained by two uterine veins which open into the internal ilia^^ 
vein while its upper part drains into the ov arian plex us. The uterine plexus com- 
municates below with the vaginal plexus. 


Nerve supply. It isonlv supplied by the sympathetic nerves and derives its fibres 
from 10th, Hth, 12th and 1st lumbar segments; 3rd ancMth sacral segments 

of the spinal cord are also believedfo supply parasympathelTc fibre-fto the uterus. 

Lymphatics of the uterus. The lymphatics of the uterus consist of two sets of lymph 
vessels — (a) superficial and (b) deep. The deep set oflymph vessels lies 'within the 
musculature of the uterus while the superficial set lies just beneath the peritoneum. 
The collecting vessels from different parts of the uterus pass in the following ways: — 
Cervix uteri. The lymph vessels of cervix uteri pass in three directions — ( a) some 
pass laterally through the parametrium to end into the external iliac group of lymph 
nodes; ( b ) some pass posterolaterally to end into the internal iliac group of lymph 
nodes and (c) the remaining lymph vessels run posteriorly through the sacrogenilal 
fold to end utto the sacral group oflymph nodes. 

Body. It is drained by those lymph vessels which are accompanying the ovarian 
vessels and are ending into the pr e-ao r^g and the la teral aortic gro up of lymph 
nodes. 1,1 


Fundus. The majority of the lymph vessels of the fundus of the uterus are accom- 
panying those from the body and are ending into the pre-aortic and lateral aortic 
group of lymph nodes; some end into the external iliac lymph nodes and a few 
from the sides of-the attachment of the uterine tube, accompanying the round 
ligament, end by joining with the superficial group of inguinal lymph nodes. 

Development. T ^he uterus develops from the para-mcsonephric ducts , the distal 
ends of which fuse togetKfr’to ibrra the uterus whereas their proximal ends form the 



Fig. 769. The ligaments of the ovary and the round ligament of tbe uterus. 

uterine tube. The distal ends of the fused para-mcsonephric ducts end in the urogeni- 
tal cleft from which the external genital parts develop. 

Vestigial structures in connection with the uterus and vagina : 

(1) Epoopkoron. It is homologus with the male epididymis and vas deferens 
and is the remains of the Wolffian body. 
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(2) Paroophoron, (duct of epoophoron or duct of Gartner) — Homologus 
with the male vas deferens and is the remams of the Wolffian duct. 

(3) Hydatid of Morgagni— a Wolffian derivative. A small cyst hanging by a 
stalk from the uterine tube at its fimbriated end. 

(4) Shears duct . One of the numerous periurethral racemose gland’s duct 
opening in to urethra. 

Structures of the uterus. The uterus is composed of serous, sub-serous, muscular 
and mucous coats. The serous coat is the outermost layer and is derived from the 
peritoneum and is adherent to the subjacent coat. The sub-serous layer is made up 
of fibrous tissue which is particularly abundant in the region of the cervix and along 
the lateral margins. The muscular coal of the uteius is known as the myometrium and 
forms the main bulk of the uterus. The fibres of the muscular coat interlace each 
other through which pass the blood vessels and this arrangement explains how the 
uterine haemorrhage stops when its musculature contracts. The muscular coat is 
lined interiorly by the mucous coat which is known as the endometrium. Structurally 
the endometrium consists of a stroma of irregular cells with which the endometrial 
glands arc embedded. The cells of the glands arc continuous with the cells of the 
lining epithelium which are of columnar and columnar ciliated types. 

The endometrium undergoes a series of changes during each menstrual cycle 
and in its luteal phase it may lie subdivided into three layers, stratum compactum, 
stratum spongiosum and stratum hasalc. The stratum compactum consists of a 
thin layer lining the uterine cavity and is made up of closely packed cells. The 
stratum spongiosum is the thickest layer next to stratum compactum and consists 
of loosely arranged cells. The stratum basalc lines the myometrium and into it 
the short straight vessels terminate. 

Structurally the cervix is different from the rest of the uterus. It is made up 
of dense fibrous tissue within which smooth muscle cells are embedded irregularly. 
To the nacked eye the mucous lining in the cervix is found to form folds ana ridges 
(arbor vitae uteri) whereas in the rest of the uterus it is smooth. In the external os 
the lining epithelium which is of columnar type, undergoes transiuon and becomes 
continuous with the stratified epithelium lining the vaginal portion of the cervix. 

The region of the isthmus is structurally similar to that of the body and fundus 
except that the endometrial glands are less in number, more superficial and they 
are not branched as are found in the endometrium of the body and fundus. 

Cyclical changes in the uterus during the reproductive period. From 
pubeity to menopause (roughly from fifteenth to forty-fifth year) a series of cyclical 
changes occur in the endometrium which results in the discharge of blood from the 
uterus at a regular interval of about 28 days and is known as menstruation. The 
menstruation is closely related with the cyclical changes in the ovary brought about 
by the influence of the anterior lobe of the pituitary gland and may be of two types, 
“ real menstruation" and “ anovular menstruation". In “real menstruation”, which is 
by far the commonest type, there is ovulation of the ovary (Graaffian follicle matures 
and ruptures to liberate the ovum) and the uterine endometrium is brought under 
the influence of oestradiol and progesterone and the bleeding occurs in the progesta- 
tional endometrium. In anovular menstruation (rare) there is no ovulation, 
however bleeding may occur in the form of menstruation under the influence of 
oestrogenic hormone and tliat there is no progestational changes in the endometrium. 

Structural changes in the uterine endometrium. The structural changes 
in the uterine endometrium may better be discussed under tw o heads, follicular or 
oestrogenic phase, luteal or progestational phase. 

Follicular or oestrogenic phase. This phase begins from the first day of the menstrual 
bleeding and the uterine endometrium at this stage has been cast off except die 
stratum basalc which contains the stumps of the endometrial glands. Reparation 
soon starts with proliferation of the cells of the stumps of the endometrial glands under 
die influence of the oestrogenic hormone. By the end of the fourth or the fifth day 
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bleeding stops and by the end of the first week regeneration of epithelium lining the 
uterine cavity is completed. From the end of the first week till the end of the second 
week growth activities in the uterine endometrium become a dominent feature in 
which the endometrial glands enlarge, the coiled blood vessels are formed and 
dilated and the endometrial stroma becomes oedematous. The sum total of these 
changes causes the endometrium to be much thicker. At the end of this phase 
ovulation occurs and the follicular phase changes into the luteal phase. 

Luteal or progestational phase. This phase starts from the begining-of the third 
week by the influence of the progesterone of the corpus luteum and is completed 
towards the end of thefourth week. At this stage changes suffered by the uterine endo- 
metrium during the follicular phase arc greatly exaggerated ; the glands becomemore 
tortuous and they acquire secretory activities, the coiled arteries become more 
tortuous and enlarged, come to lie just under the surface epithelium and they contract 
and dilate rhythmically. Towards the end of this phase the fluid imbibed by the 
Stroma (oedematous stroma) undergoes resorption and as a result, the endometrium 
becomes less thick and the blood vessels become compressed to cause stasis. Ulti- 
mately this phase terminates with the onset of menstruation by the rup.ture of the 
blood vessels. 


THE UTERINE TUBES 

The uterine or fallopian tubes are the two excretory ducts of the ovary and 
carries the ova from the ovary to the uterus, 

Each uterine tube is about four and a quarter inches long and quarter of an 
inch in diameter and is completely covered by the peritoneum of the broad Iiagment 
except that portion which is embedded into the substance of the uterus. 

Each tube runs at first laterally above the meso-ovarian border of the ovary and 
then ascends upwards over the tubal extremity of the ovary and finally descends 
downwards to about against the medial surface of the ovary. 

Each tube opens into the lateral angle of the uterus at the junction of the fundus 
with the body, the orifice being termed the uterine ostium through which it com- 
municates with the cavity of the uterus. Its lateral extremity communicates with 
the general peritoneal cavity by an opening in the posterior layer of the broad ligament 
known as the pelvic ostium. 

Different parts. Each tube consists of the following parts : 

(1) Pars uterine lubae. It is that portion of the tube which is embedded into the 
substance of l be uterus and measures about 1 cm, in length. 

(2) Isthmus. It is the constricted portion of the tube just succeeding the pare 
uterine tubac and is very firm and cord-like. It measures from 3 to 4 cm. in length. 

(3) Ampulla. It just succeeds the isthmus and is the most dilated part of the 
tube. It measures about \ the length of the tube (2 inches). As the ampulla is 
carried laterally it becomes constricted and then widens out in the form of a funnel, 
the fundibulum. 

(4) Infundibulum. It is the funnel-shaped expansion of the lateral end of the 
uterine tube. Its circumferential margin breaks out into a number o( fringe-like 
processes known as the fimbria. Due to the presence of these fimbrae it is sometimes 
called the fimbriated end. One of these fimbrae is stout and long and connects 
the tube with the medial surface of the ovary dose to its tubal extremity and is 
known as the ovarian fmbria. 

Vascular supply. The arteries supplying the uterine tube are the ^uterine branch 
of the internal iliac artery and the ovarian branch of the abdominal aorta. The 
veins arc corresponding to the arteries (uterine and ovarian). 

Lymphatics. The lymph vessels drain into pre-aortic and internal iliac group 
of lymph nodes. 

Nerve supply. It is supplied by ovarian plexus of nerve. 
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portion of it extends downwards on to the obliquous ex tern us abdominis and the 
rectus abdominis. Between the deep surface of the gland and its bed (deep fascia) 
is a collection of loose areolar tissue known as the retromammary tissue which forms a 
cushion upon which the organ rests. 


Anatomical or Gross structure. Each mammary gland consists of 15 to 
20 lobules-or g landular units which branch'o ut ~tr om the nipp le like the s poke o 'f~ 
wheel within the superficial Jascia. One of .the glandular units, th aaSlkTytaiT^' 
Spence, winds round the lateral margin.of the pTCtoralis majorarid comes" into 'dose 
relation with. the. axillary. ..vessels. by 


passing through an openiog in the 
deep fascia, the" Joramm of Long er. 
Thus the axilla ry"ta3"orSp ence lies 
deep to the deep fascia while therest 
of it lies superficial to ' the deep fascia. 
In between the lobules there is a 
collection of fat and an incomplete 
fibrous septum derived from the 
superficial fascia which is connected 
superficially to the ‘skin anti deeply 
to the deep fascia. Tills b and of 
fibrous septum that traverses through 
the interlobular spaces and connects 
the skin with the deep fascia is 
known as the ligament of Cooper or th e 

lo^ile^gives^rlsc to* 'a^ductflhe 
lactiferous duct which opens into the 
nipple. Just before its termination 
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Fig. 771. The histolosical structure of the 
mammary gland. 

each duct forms a fusiform dilatation known as the ampulla or the sinus of the lactiferous 
duct. Between the skin and the breast there is a pad of fat except beneath the 
areola where it consists of a layer of non-striped muscle fibres, a lymphatic and a 
venous plexus. 


Vascular supply of the breast — 

(1) The external mammary branch of the lateral thoracic artery enters the 
gland from the lateral aspect. 

(2) Perforating branches of the internal mammary artery enter the gland 
from its deep aspect (Those from the second and thrid intercostal spaces are much 
stouter in case of female). 

(3) The second, third and the fourth intercostal arteries, each provides a 
mammary branch which supplies the gland. 

The veins of the mammary gland end by opening into the internal mammary 
and the axillary veins. 

Nerve supply. The breast is supplied by second to the sixth intercostal 
nerves. The sympathetic nerves supplying the glandular Sssue reach it through 
the second, thi rd and the fourth intercostal nerves . 

Lymphatics of the breast. T he breast is drained b y two sets of lymp h 
vessels — th elymphatics of the parenchyma of the breast an d the lymphatics of me shin oier~the 
breast. 

(1) Lymphatics of the parenchyma of the breast- T hese lymphatic s 
originate in a plcxiform network in the interlobular spaces and also on the walls of 
die lactiferous ducts and from their origin the lymph vessels pa ss tow ards the nipple 
and the areola and end by opening into the Sapper's tdexj is which «s a large lympliatic 
collection beneath the nipple and the areola. The sub-areolar lymphatic plexus ' 
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of Sappcy also receives lymph vessels draining the nipple and the areola. The 
sub-arcolar plexus is drained by two main lymph trunks, one from, its inner part 
and one from its outer part. These unite to form a single trunk which goes to the 
nnt^Wn r or pectoral croup of axillary Jvmnh glands. These two vessels receive each a 
vesseTwhich brings lymph directly from the breast itself and not from Sappey’s plexus. 



One of the lymph vessels from the suppepand outer quadrant of the paren- 
chyma of the breast, pass cs upwards, pierces'me pcctoralis major and clavi-pcctoral 
fascia and ends in the apical group of axillary lymph gland. Some lymph vessels 
from the lower and inner quadrant of the parenchyma of the breast descend down- 
wards to communicate with the sub-peritoneal lymphatics. 

(2) L ymphatics of the skin over the breast . T hese lym phatics drain 
t he whole of tne skin over the breast except the nippie~and'tHe arcolaTvhich dra in 
into the bappey's plexus. The distribu t ion oTlhese lymph atics from the dittere n t . 
parts of the surface area of the breast may be conveniently' put b y d ividjng thf - 
hreastTntn four q patlrants. upper inner, upper - outer, low er inner~a nd~ Iower oi itcr " 
bvTwoTmaginary planes, one vertical and one horizontal. 

T he lymphatics from "the upp er an d outer "quadrant pass in t wo directions, 
s ome opening into the inlraciavicuiar lymph "gTands and some into the anterior or 
draoraLgrou p ot axillary lymph gla ntls>_ T he lymphatics from the u pper^nd-fnngr 
quadrant mss in three directions, some joining with the lymphatics_oLthc-opposite 
breas t and s ome with th e infraclavicul ar lymph gland s; th e .rest accompany the 
internal m ammar y vessels and end m the interoal mammaryTymph glands ! The 
lymphatics from the lower and outer quadrant pass' in two wavs, some tomin g _w_ith 
th e anterior axillary lymph elands and some with the ly mphatics nf.thc-abdominal 
pafletics. The lymph vessels from the lower ah dinner' quadrant pass in three direc- 

tions; some cross the middle and end in the opposite breast, some in the internal 
mammary lymph glands and the rest in the lymphatics of the abdominal parictes. 

(3) Development of the mammary gland. During-the-seconcI -month ^ 
of intrauterine life the condensation of ectodermal tissue forms a ridgelike elevation, '< 
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the mammary ridge or the “milk fine”, which extends from the axilla to the pubis and 
the inner as pect oi the UnghT~ The glan dular part eftke breast develobs from this ectodermal 
ridge its -follows: • 

Opposite the future pectoral region there is a localised depression on this ridge 
which sinks below the level of the body surface. During the fifth moijth of intrau- 
terine life a number of solid ectodermal cell buds extend backwards into the subjacent 
mesoderm. Each of these cell buds forms the future lobe of the mammary gland 
which further subdivides into different branches to form the lobule. Shortly before 
birth these cell buds are canalised to form the lactiferous duct. Subsequently the 
primary depression on the mammary ridge becomes evaginated to form the nipple 
into which the lactiferous ducts open. The remaining portions of the mammary 
ridge usually become atrophied in later periods. 

The connective tissue storma of the breast is formed by the underlying mesoderm 
which, during the process of budding of the ectoderm, invests each lobe and the 
lactiferous duct and forms septa between the lobes. During fifth month on intrau- 
terine life fat begins to appear in droplets in the interlobular spaces which later on 
aggregate together to form the typical fat. 

In male subject usually no further changes take place after birth. In female 
during puberty there is further budding and branching of the lobular duct and 
there is much accumulation of fat to give the hemispherical contour of the breast. 
During pregnancy there is further increase in the number of the acini and there is 
more accumulation of fat. 

JJ.B — Developmental errors — There may be complete absence of one or the other breasts 
giving rise to a condition known as gant/iq. Multiple breasts or polymastia on one or the other side 
opposite the mammary ridge have also been reported. Polymastia is natural in some animals, such as 
dogs, etc. Development of breast in case of male or gynecomastia, although very rare, occurs in some 
cases. 'Supernumerary nipples or polythelia are not uncommon. 

Breast abscess may be cither subcutaneous, supratrummaty, tntramammeny, submammary or retromammary 
affecting the respective tissues of the breast. In intramammary abscess di/Terent lobules are effected 
at a time anti hence the pbscess is usually loculatcd. Retromammary abscess is usually secondary to 
. infection of the ribs or ctjtp\ema of the chest. 

In cancer breast retraenpn of the skin is due to fibrosis and subsequent shortening of the ligament 
cf cooper while the retraeiibn of nipple is due to dragging in of the lactiferous ducts by the surrounding 
fibrosb. Beau D’orangc, is a condition in which there is oedema of the skin due to blockage of the 
lymph sesjcls with formation of pits on the skin opposite the hair follicles. This can be explained by 
the fact that the base of the hair, follicle is adherent to the subcutaneous tisjue and accumulation of 
Ijmph within the ihin due to lfmchatle obstruction causes it to be raised up in between the hair follicles. 
7 he bases of the hair follicles being, fixed the opening of the hair follicle widen s and this condition of 
the skin with pits and elevations rcschibling the skin of an orange is known as the Peau D’orange. 
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THE PITUITARY GLAND 

The pituitary gland is a neuro-giandular body suspended from the under- 
surface of the floor of the third ventricle by a projecting stalk— the infundibulum. 

Measurement. It measures about 10-15 mm. transversely, about 11 mm. anteio- 
posteriorly and about 6 mm. vertically. It weights about ‘53 gm, in male and about 
•62 gm. in the female. Larger in female and in those who have borne children than 
the male. 

Situation. It lodges in the pituitary' fossa or thesellae turcica of the sphenoid 
bone in the middle cranial fossa. A process of dura mater — the diaphragm scllae 
extends from the dorsum scllae to the tubcrculum scllae and thus forms the roof 
of the pituitary fossa which is pierced by the infundibulum by means of which it is 
attached to the floor of the third ventricle. 

Boundary of the cave of the pituitary body: 

Posteriorly. It is overhung by the dorsum sellae with its posterior clinoid 
processes. 

Anteriorly. It is overhung by the anterior clinoid processes and is related to 
the sphenoidal air sinus from which it is separated by a tlun plate of bone. 

Inferiorly. It is separated from the sphenoidal air sinus by a thin plate of bone. 

Superiorly. It is roofed by the diaphragm scllae which is pierced by the in- 
fundibulum and separates it from the floor of the third ventricle and the optic chiasma. 
The latter comes into intimate relation with its roof. 

Component parts. The pituitary gland is divided mainly into two parts, , 
adenohypophysis and neurohypophysis. The adenohypophysis is further subdivided 
into pars distalis or anterior lobe, pars tuberalis, ana pars intermedia. The iwuro - 
hypophysis has been further subdivided into lobus nervosus and infundibulum, 
the latter consists of infundibular stem and median eminence of tuber cinereum. 
The so called posterior lobe consists of pars intermedia and the lobus nervosus, and 
the infundibulum together with the pars tuberalis constitutes the hypophyseal stalk. 
The table below shows the subdivisions of the pituitary gland. 

Pituitary gland 


Adenohypophysis or Neurohypophysis or 

the glandular lobe the Neural lobe 


Pars distalis or Pars Tuberalis Pars Intermedia 
Anterior lobe 


Lobus nervosus Infundibulum 

■ I 


Infundibular stem Median emi- 

nence of tuber 
cinereum 

Posterior lobe=I.obus nervosus -[-pars intermedia. 

Hypophyseal stalk =InTundibu him +pars tuberalis. 

Relations. On either side it is related to the cavernous sinus which contains 
within its lumen oculomotor, trochlear and abducent nerves, the ophthalmic branch 
of the trigeminal nerve and the internal carotid artery with carotid plexus, of sym- 
pathetic. Anteriorly it is related to the anterior intercavernous sinus which con- 
nects the two cavernous sinuses and posteriorly it is .related to the posterior 
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intercavernous sinus. The circulus arteriosus forms a distant relation to it. The 
optic chiasma forms an important relation superiorly and lies against its roof. 



Tig. 773. The Components of fhejpituitary gland. 

The infundibulum attaches the pituitary gland to the inferior surface of the floor 
of the third ventricle and as it passes upwards it lies immediately posterior to the 
optic cliiasma and is in contact with its posterior edge and undersurface. 

Artery supply. It is supplied by the branches from the circulus arteriosus. The 
vessels pass along the infundibulum and then enter the gland. The anterior lobe 
is more vascular while the posterior lobe is less vascular. 

Nerve supply. The posterior lobe is supplied by nerve fibres derived from the 
supra-optic nucleus. (Hypothalamic nucleus) and controls its antidiuretic effect. 

DIVERTICULUM 

FROM TH£ FLOOR Of THIRD VENTRICtE 


DIVERTICULUM 

FROM THE FLOOR OF THIRD VENTRICLE 






62 


Fig 774. The development of the pituitary gland. 
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Development. The adenohypophysis or glandular lobe develops from an 
evaginalion in the form of a diverticulum from the buccal ectoderm known as the 
Balhkc’s pouch. The neurohypophysis is developed as a down-growth from the 
floor of the third ventricle and consists of nervous elements. The stalk of the Ra dike's 
pouch becomes disconnected later on and the adenohypophysis becomes fused with 
the neurohypophysis whose stalk remains patent. 

Structure of the pituitary body. Adenohypophysis. The pars distalis or 
the anterior lobe consists of a dense collagenous capsule, a supporting connective 
tissue framework containing reticular fibres, sinusoidal blood vessels and irregular 
cords and masses of glandular substance. 

The cell-types are chromophile cells and chromophobe cells. The chromophile 
cells arc further subdivided into alpha and beta cells according to the staining reaction 
of the specific granules of the cells (alpha with acid dyes, beta with basic dyes). The 
chromophobe cells are alternately called reserve cells or chief cells or ‘C’ cells and 
they have no alpha or beta granules in their cytoplasm. 

In pars intermedia the original cleft may persist and on the anterior wall there is 
undifferentiated alpha, beta or G cells of one or' two layers thick, in the posterior 
wall the cells form a thicker layer and Consists of the same type of cells as on the 
anterior wall. 

In pars luberalis the cells arc characteristically arranged in longitudinal networks 
of cords and balls of cells intermingled with blood vessels. The cells types are a few 
alpha and beta cells and some undifferentiated cells. 

The neurohypophysh consists of a connective tissue network with rich capillary 
plexus, cell-nests of neuroglial cells and clusters of unmyelinated nerve fibres from 
the hypothalaroo-hypophyseal tract. The cells of the ncurohypophysis arc called . 
piling tes which consist of 4 types namely adcnopituicytes, micropituicytcs, fibropi* 
tuicytcs and rcticulopituicytes. The intercellular substance is abundant. 

THE THYROID GLAND 

The thyroid gland is one of the ductless gland situated in,front and at the sides 
of the trachea opposite the fifth, sixth and seventh cervical vertebrae. 

Measurements and weights. Each of the lateral lobes of the thyroid gland 
measures about 4 cm. in its vertical length, 2'5 cm. tiarsvcrscly opposite its 
greatest dirmetci ard about 2 cm. in thickr.e.-s. The isthmus cf the gltfyyl measures 
about 2 cin. vertically. The average weight of the gland in the adult is 25 grams 
although it varies between 20 and 40 grams. It is shightly heavier in the females. 
Th e weight is Jiow ever, va riab le dependi ng on theage^_s£x, climate, place and the_ . 
nature of t h cl food and the drinks L 

Capsules. The gland is provided with two capsules — true and false. 
The true capsule is formed by condensed mass of fibroareolar tissues surround- b 
ing the gland whereas the false capsule is formed by the pretracheal layer of the deep 1 
cervical fascia. A process of the deep cervical fascia extending from the deep aspect 
of the gland (ligament of Berry) connects it with the cricoid cartilage and thus 
firmly binds it with the larynx. Thus during deglutition it moves up and down 
with the larynx. The false capsule of the gland is very thin or deficient opposite - 
the deep surface of the gland. 

Parts for examination. The thyroid gland consists to two lateral lobes and 
occasionally a pyramidal lobe, and an isthmus connecting the two lobes together 
in front of the trachea. 

Lateral lobe. Each lateral lobe is conical in shape and extends from the middle 
of the thyroid cattilage to the sixth tracheal ring. Each lobe presents a lateral or , 
superficial surface, a medial or deep surface, a posterior or posterolateral surface and \ 
upper and lower ends or poles. / 


THE ENDOCRINE SYSTEM 


979 


The superficial or lateral surface is covered by skin, superficial fascia, deep fascia, 
the sternohyoid, superior belly of the eraohyoid and the sternothyroid muscles. 


nroio eons 



Fig, 775. The thyroid gland with the great vessels at the neck (seen from the front). 


The medial or deep surface is moulded on to the sides of the larynx, trachea and 
oesophagus. This surface is related to two muscles, cricothyroid and inferior con- 
strictor muscle of the pharynx, two nerves, recurrent laryngeal and external laryngeal 
nerves, two tubes, the trachea and oesophagus and the inferior thyroid artery with 
its branches. The recurrent laryngeal nerve forms a varying relation with this 
surface. In its course upwards, it usually lies behind the inferior thyroid artery but 
it may pass in front of it or it may be embedded in the substance-of the gland. The 
external laryngeal nerve reaches this surface from above and lies behind the superior 
thyroid artery. 

The posterolateral or posterior surface is related to the carotid sheath and overlaps 
the common carotid artery. 

The anterior border is thin and is related to the anterior branch of the superior 
thyroid artery. Its posterior border is blunt and is in relation with the parathyroid 
glands. ' 

Th e pyramidal Js iCt which is th e renudhs of the thyroglossal duct, extend upward 
for a variable distance either from the upper part oFthe isthmus'or from any of the 
lateral lobes, more frequently from the left lobe. It rtfay reach as* high as thc'hyoid 
bone or it may be connected with the hyoid bone with a fibrous band. It may be 
completely replaced by a band of fibrous tissue. It may be absent completely when 
its place may he taken over by a muscular band or by a fibrous band extending into 
the hyoid bone; when this is muscular it is called the “levator gfandulae thyroideae”. 

The isthmus of the thyroid gland connects the two lateral lobes opposite the 
median plane and lies in front of the second, third and the fourth tracheal rings. 
It is covered in front by the skin, superficial fascia and the deep fascia and is over- 
lapped on either side by the sternothyroid muscles. It measures about half an inch 
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in length and half an inch in breadth. Superiorly it is in relation to the arterial 
arch formed by the anastomosis of the branches of the two superior thyroid arteries. 
Inferior!)' the inferior thyroid vein comes out from its lower border. Levator 
gland ulae thyroid i, when it exists, connects the isthmus with the hyoid bone. 



Fig. 776. Hie thyroid gland w ith a part of the trachea (teen from die front). 


Vascular supply. The inferior thyroid artery supplies the parenchyma of 
the gland whereas the superior thyroid artery supplies the connective tissue 
element of the gland. The artcria thyroid iraa, a branch of the arch of the aorta, 
may sometimes supply the gland., ' " 

The veins of the gland form a plexus which lies beneath the true capsule of the 
gland and is drained by the superior, middle and inferior thyroid veins. They run 
independent of the arteries. The superior and middle thyroid veins open into the 
internal jugular vein t\ hercas the inferior thyroid vein opens into the innominate 
von. 

Lymphatic drainage. The lymphatics follow the blood vessels supplying 
the gland and terminate into pre-and paratraclieal lymph nodes and into deep 
cervical and mediastinal lymph nodes. 

XJ ). — The thyroid gland is extremely vascular and it has been calculated that in a jingle minute, 
for each lOOgTainei of gland substance, about 5G0 c e. of blood circulate through It and thus it is about 
5J times more vascular than the kidney. 

Nerve supply. The nerves are derived from the middle and inferior cervical 
sympathetic ganglia. 

X.O — All tumors of the thyroid gland move with the movement of the trachea and larynx became 
it is firmly adherent to the cricotd cartilage by the ligament of Berry. The above anatomical frets 
help in differentiation of an enlarged thyroid gland from ihe enlarged deep cervical lymph node* 
which do not move with the movement of the trachea during deglutition. The capsule of the gland 
being thin or deficient opposite its deep surface hypertrophy of the gland tint jtarts in this surface and 
enlargement of this turtire will Invariably displace the trachea and the oesophagus to the opposite 
side. The venous pbxus being situated in between the gland and the cajwute, when removal of the 
gland U necessary it is removed along with its capsules in contrast to the removal of the preatate gland 
where the gland is enucleated out of Us true capsules because in this gland the prostatic venous plexus 
lies In between Jo true and false capsules. 
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Sympathetic fibres arc derived from the superior cervical sympathetic ganglion 
and the parasympathetic fibres are derived from the vagus through the thyroid nerve 
— a branch from the external laryngeal nerve. 



Development. The thyroid gland devel ops duri ng fourth month as an 
entodermal outgrowth from the floor or the antcrior wall of the primitive pharynx. 
The entodermal outgrowth 
begins as a localised thicken- 
ing on the ventral wall of the >7 
pharynx opposite the median /&/ 
plane and soon becomes 
e vagina ted to form a diverti- 
culum which lies just caudal 
to the point where the tuber* 
culum impar appears. The 
diverticulum enlarges and 
becomes a small bi-Iobed 
flask-like structure which is 
connected with the floor of 
the buccal cavity by a 
narrow duct, the JJkprjglosjal 
duct. Later on, the hollow 
diverticulum becomes a solid 
cord of cells, its connecting 
stalk elongates and its bi- 
lobed character becomes 
more prominent. With sub- 
sequent growth, the thyro- 
glossal duct ruptures in its 
middle part, and the deve- 
loping gland, which now 
forms a bi-lobed mass of 
cells, is draped in front of 
the upper part of the deve- 
loping trachea. 

Sites of aberrant 

thyroid tissue. Due to F - 775. positions of the aberrant thyroid lieua (D«graram3tic). 
errors in migration the 

thyroid tissue may be found to be localised in any of the following sites opposite the 
middle line of the body: 



iwrwrwoiucse 



082 


HUMAN ANATOMY ' 


Lingual — over the dorsum of the tongue. 

Intralingua!-— with the musculature of the tongue. 

Sublingual— below the tongue and in front of the hyoid bone. 

Prelaryngeal— in front of the larynx. 

Intratracheal— witliin the trachea. 

Intraocsophagcal — within the oesophagus. ^ 

Intrathoracic — -within the thorax— usually behind the manubrium stemi. 

In some rare cases, the aberrant thyroid tissue may be found to be migrated 
sideward* away from the middle line either in the submandibular region or in the 
supraclavicular region. 

Histology. Histologically the thyroid gland consists of follicles or acini , inter- 
follicular tissue and tonnectiie tissue capsules. 

The follicles or acini are roughly rounded or elongated, sac-like hollow structures, 
completely closed from one another and contain in their lumen a variable amount . 
of colloid substance. In other words, the follicles arc the structural units of the 
thyroid gland. A normal follicle measures from 0-05 to 0*5 mm. in diameter. 

Each follicle consists of a 
surrounding wall and a cavity. 
The surrounding wall is formed 
by a single layer of medium sized 
or low cubical epithelial cells 
which have no basement mem 
brane, the cells resting upon the 
interstitial connective tissue which 
appears to be slightly condensed 
than the rest. The lumen of the 
follicles contain a variable amount 
of colloid substance. 

The cells are of two types, 
chief cells and colloid cells. The 
chief cells stain fainty and they 
have large vesicular nuclei situated 
close to their bases. The colloid 
cells are deeply staining cells 
(with acid dyes) and their nuclei 
arc more dense and are situated more centrally. These two types of cells arc 
supposed to be the same cells in different functional stages. 

The in ter follicular tissue is relatively small in amount and contains the connective 
tissue stroma and some nests of thyroid epithelial cells having no lumen or having a 
very small lumen. The stroma contains a thin layer of connective tissue in which 
the blood vessels, nerves and lymphatics run and it also contains some lymphocytes 
and some of the reticuloendothelial cells. 



Fig. 779. The structure of the thyroid gland. 


THE PARATHYROID GLANDS 

The parathyroid glands are four small oval bodies, two on each side which 
arc arranged in superior and inferior pairs and are situated in dose relation with the 
posterior border of the lateral lobe of the thyroid gland dose to the pharynx or 
oesophagus. Each body measures about 3 to 8 mm. in length, 2-5 mm. (5-7 mm.) 
(greatest diameter) in breadth and 0*5 to 2 mm. in thickness. They are yellowish 
brown in colour and of smoother consistency. The combined weight of the four 
bodies varies between 0 05 and 0*3 grams. The superior parathyroid bodies or the 
parathyroids IV are smaller than the inferior bodies and are situated at the junction 
of the upper-and middle-thirds of the posterior border of the lateral lobe of the 
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thyroid, one on each side, and each is embedded in the capsule of the gland. The 
inferior parathyroid bodies or the parathyroids III are situated on the posterior 
surface of the lower poles in relation with the inferior thyroid arteries. Each gland 
has a distinct hilum through which vessels and nerves enter into the gland. In 
some mammals such as in dogs, cats and rabbit, the parathyroids are usually found 
f embedded in the thyroid gland but in Man it is very rare to see the parathyroids 
fo be embedded in.the thyroid tissue. 

Vascular supply. The arteries supplying each gland are derived from the 
inferior thyroid artery or from the anastomosing channel between the superior and 
inferior thyroid arteries. The veins drain into adjacent large veins (?). 

Nerve supply. The nerves supplying the glands are non-medullated nerves 
and are derived from the recurrent laryngeal and external laryngeal nerves. The 
superior parathyroids are' supplied by branches from external - laryngeal branch 
superior laryngeal whereas the inferior ones are supplied by branches from the 
recurrent laryngeal nerves. The nerves are vasomotor in function and have no 
direct relation with the secretion of the glands. 

Development. The parathyroid bodies are derived as diverticula from the 
dorsal parts of the third and the fourth pharyngeal pouches, the superior parathyroid 
bodies from the fourth and the inferior ones from the the third pharyngeal pouches. 
Depending on the origin, the superior parathyroid bodies are alternatively called 
parathyroids IV and the inferior ones as parathyroid III. The inferior parathyroid 
bodies though derived from the third pharyngeal pouches assume a caudal position 
(In relation to superior parathyroids derived from fourth pharyngeal pouches) 
due to its caudal migration in association with the thymus gland which is also derived 
from the third pharyngeal pouches. 

Structure. Each gland is surrounded by a capsule which sends in delicate 
processes within the gland so as to form a fine retinaculum (St oma) within which 
epitheloid celts are confined. With advancing age the stroma increases in amount 
and the delicate retinacula of earlier age form septa-like processes which give the 
gland a lobulatcd appearance. Considering the size of the gland numerous large 
blood sinuses pervade through the gland substance. Thus for all practical purposes 
the gland is found to consist of masses or columns of epitheloid cells with large blood 
sinuses in between. 

The epitheloid cells are of three types, non-granular or clear principal cells and 
granular, acidophil and eosinophil or oxyphil cells. The dear principal cells are 
spherical cdls with large vesicular nucleus and clear cytoplasm. The acidophilic 
cells show the presence of granules in their cytoplasm which stain weakly with acid 
dyes so as to give the cell a dark appearance. The eosinophil or oxyphil cells the 
largest cells and contain granules in their cytoplasm which present bright red appear- 
ance with acid dyes and the nucleus of these cells are much smaller in comparison 
with the other two types of cells. Colloid vesicles may also occur in one of the cells 
particularly with advancing age but these vesicles have no iodine. 


THE SUPRARENAL GLANDS 

The suprarenal glands or bodies are two in number, each being placed on the 
upper pole of the corresponding kidney. It is one of the most important ductless 
gland and influences bodily functions in a variety of ways. Anatomically each su- 
prarenal body is a single gland but functionally and dcvclopmentatty, it is a combination 
of two glands in one consisting of two functional units, the cortex and the medulla. 
Structurally the cortex is distinct from the medulla and surrounds the latter externally, 
in other words, the suprarenal body consists of an outer cortex and an inner medulla. 
Shape and form. The two suprarenal glands differ from each other in shape. 
The right is triangular and the left is semilunar^* shape. Each comes into direct 
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contact with the upper pole of the corresponding kidney but is easily separable 
from it. The right suparenal gland is more adherent on to the posterior surface of 
the liver or to the inferior vena cava svhilc the left is more adherent Jo the left crus 
of the diaphragm. This explains why the suprarenal gland is not displaced in case 
of displacement of the kidney. 

Capsules. Each suprarenal gland has two capsules — true and false. The 
true capsule is formed by the condensed mass of fibroareoltu-'f issues surrounding 
the gland and the false capsule is formed by the rcn&Masda. In between the two 
suprarenal glands there lie the cocliac artery and the coeliac ganglion and each is 
placed at a distance of about one inch from the artery. 

Measurements and Weights. Each suprarenal gland measures about one 
to two inches in length, one inch in breadth and about one fourth inch in thickness. 
Each is about 1 dr. in weight. 

Right suprarenal gland. The right suprarenal gland is triangular in shape with 
its apex directed upwards and the base downwards. Just below the apex the anterior 
surface presents the hilum through which only the right suprarenal vein comes out 
of the gland. Medially the anterior surface is overlapped by the inferior vena cava 
and is devoid of peritoneal covering. Laterally and above, the anterior surface is 
attached to the bare area of the liver by areolar tissue and laterally and below, it is 
covered by the peritoneum of the lesser sac. Posteriorly it is related to the right 
crus of the diaphragm above and with the upper pole of the right kidney below. The 
medial margin of the gland is in relation to right cocliac ganglion and the right 
inferior phrenic artery. 



Fig. 780. The developing kidney with the suprarenal gland together with the inferior vena cava, 
with kind permission from the Govt, of West Bengal and the professor of Anatomy Cal. Medical College. 

Left suprarenal cland. The left suprarenal gland is semilunar in shape and 
forms a broad and expanded base directed downwards and a tapering apex directed 
upwards. Its lateral border is concave and its medial margin is convex. The 
anterior surface of the left suprarenal gland presents the hilum opposite to its lower 
expanded base close to the medial margin and transmits die left suprarenal vein. 
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Superiorly the anterior surface is covered by peritoneum of the lesser sac tvhicli 
separates it from the postero-inferior surface of the stomach. The lower part of the 
anterior surface is in relation with the tail of the pancreas and the splenic vessels. 
Fig- 781. The from view of right suprarenal gland. Fig, 782. The front view of left suprarenal gland. 
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Fig. ?83. The hack view of right suprarenal gland. Fis 764. The tack >>ew of dtclefuurraitral gland. 


Its posterior surface is hollowed out laterally which fits into the medial margin of the 
upper pole of the left kidney. The medial area of the posterior surface is separated 
from the lateral grooved or hollowed out area by a rounded ridge and is adherent to 
the left crus of the diaphragm. The ridge on the posterior surface may correspond to 
a Taint shallow groove on the anterior surface and together with the left suprarenal 
van it resembles a leaf in appearance. Its medial convex margin is in relation to the 
l eft coeliac ganglio n, left inferior phrenic a nd the left gastric arterie s, 

' Artery supply. Each suprarenal gland is supplied by three suprarenal 
arteries: — (a) superior suprarenal branch of inferior phrenic, (b) middle suprarenal 
branch of abdominal aorta, and (c) and inferior suprarenal branch of renal artery. 

Veins. The right suprarenal vein ends in the inferior vena cav* whereas the 
left suprarenal vein opens into the left renal vein. 

Nerve supply. Each suprarenal gland is supplied by splanchnic nerves 
(preganglionic fibres) through coeliac and renal plexuses. According to some 
authority it also receives some branches from the phrenic and vagus. 

Lymphati cs. The lymph vessels draining the suprarenal gland accompany the 
suprarenal arteries and the vein and they terminate in the para-aortic lymph nodes. 
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The lymphatics draining the medulla accompany the suprarenal vein whereas the 
lymphatics draining the cortex accomapny the arteries supplying the gland. 

Development. The coclomic epithelium close to the root of the dorsal 
mesentery gives rise to the formation of the cortex of the suprarenal gland 
(Mesodermal origin) whereas the migrated sympatho-chromaffin cells from the 
neural crest give rise to the formation of the medulla of the suprarenal gland 
(Ectodermal origin). The cortex develops in situ from the mesoderm of the inter- 
mediate cell mass. 

Structure. The adrenal body consists of a connective tissue capsule, which 
sends in trabocvlas within the gland, an outer cortex and an inner medulla and a rich 
network of blood vessels. 

The cortex consists of epitheloid cells which are arranged into three layers from 
without inwards namely zona glomemlosa, zora fasciculata and zona reticularis. 

The Z ona glomemlosa consists of columnar cells which are closely packed together 
either in columns or in ovoid masses beneath the connective tissue capsule. 

The Z ona fasciculala consists of polyhedral cells which are arranged into anas- 
tomosing cords and lie deep to the zona glomerulosa. 

The Zona reticularis is the deepest layer which overlies the medulla and consists 
of anastomosing cords of cells. 

The medulla consists of irregular cells which are arranged into short cords or 
rounded lumps and are surrounded by blood vessels. These cells show chromaffin 
reaction in which fine brown granules are seen within their cytoplasm when fixed 
in a fluid containing potassium dichromatc. 

ff.B. — It will be interesting to note that artery and vein do not pass together through the h3um, 
but the seui only emerges through it and the arteries supplying it pierce its surface from different 
positions and they are comparatively rich in supply. The medial medullary part of the gland which is 
derived from the sympatho-chromalTm cells u responsible for the secretion of adrenalin which plays 
i ts usu al roll o n the sympathies whereas the cortex is concerned with the metabolism of salt and 
water and directly or indirectly influences the secondary sexual characters. 


THE OVARIES 

The ovaries arc the two flattened bodies homologous with testis in male, situated 
one on each side of the uterus. It is attached to the posterior surface of the broad 
ligament by a fold of peritoneum known as the mesovarium and lies on the lateral 
wall of the pelvis in a shallow depression — the ovarian fossa. 

Each ovary occupies a peritoneal recess, the ovarian fossa on the lateral wall of 
the pelvis. It is bounded in front by the obliterated umbilical artery and behind 
by the ureter and the internal iliac artery. The floor is formed by the parietal 
peritoneum of the pelvic cavity which separates it from the obturator vessels and 
nerves. 

The dimension of the gland in women who have not been pregnant are 3 cm. 
long, 2 cm. from before backwards and 1 cm. transversely. 

Each ovary consists of two surfaces — a lateral and a medial, two borders— a 
mesovarian or attached border and a free border, two ends a tubal end and an 
uterine end. 

The lateral surface lies in contact with the floor of the ovarian fossa and is 
separated from the obturator vessels and nerves by the parietal peritoneum. 

The medial surface is overlapped by the uterine tube and the space between 
this surface and the mesosalpinx is known as the bursa ocarica. 

The mesovarian or attached border is straight and is attached to the uterine 
tube by means of a double^ fold of peritoneum known as the mesovarium. The 
hilum of the ovary lies in this border through which the ovarian vessels and nerves 
' enter the gland. 

v The free border is rounded and convex and is directed towards the ureter. 
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The tubal extremity of the ovary is directed towards the infundibulum of the 
uterine tube and is connected with the lateral wall of the pelvis by a double fold of 
peritoneum known as tire infundibulopeh’ic ligament (suspensory ligament of the 
ovary) which contains in between its two layers, the ovarian vessels and nerves. 

The ovarian fimbria connects the tubal end of the ovary with the uterine tube 
and the discharged ova is carried to the tube by means of this ovarian fimbria. 

The uterine end of the ovary is connec- 
ted with the lateral angle of the uterus 
by means of a cord-like structure, the 
ligament of the ovary which passes be- 
tween the two layers of the broad ligament 
and lies below and behind the uterine tube. 

Vascular supply. The artery sup- 
plying the ovary is the ovarian branch of 
the abdominal aorta. The veins draining 
the ovary arrange in a plexiform network 
known as the pampiniform plexus, which 
ultimately unite to form a single vein and 
opens into the inferior vana cava on the 
right side and into the left renal vein on 
the left side. 

Nerve supply. The nerves supply- 
ing the ovary arc derived from both the 
sympathetic and parasympathetic nerves 
and accompanying the ovarian artery they 
enter into the hilum of the ovary. 

Structure. Each ovary consists of a 
surrounds the medulla except the hilum and consists of follicles of various sizes 
(for details of structure of the follicles, see ovulation). The medulla consists of lose 
connective tissue and numerous blood vessels. 

THE TESTES 

The testes are the reproductive glands in the male and are suspended into the 
scrotum by the spermatic cord. 

Each testis is oval in shape and is placed obliquely in the scrotum with its upper 
pole titled slightly forwards and laterally. Each testis measures about two inches in 
, length, one inch in breadth and about one and one-fourth inches in thickness. It 
varies from 4 to 5 in weight. The left testis descends slightly to a lower level than 
the right. Superiorly and postero-laterally the epididymis is intimately connected 
with it. 

Coverings of the testis. From without inwards the coverings of the testis arc 
the visceral layer of the tu nica v aginalis, the tuni ca alb uginea and the tunica vasculosa. 
The visceral layer of the tunica vaginalis is derivecTfrom the peritoneum and receives 
this investment during Its descent from the abdominal cavity and forms the lower 
portion of the processus vaginalis in theToetal lileT The tunica albuginea is a 
tough fibrous membrane while the tunica vasculosa is formed by a plexus of blood 
vessels held together by delicate areolar "tissue. 

Each testis has got a lateral and a media) surface, and an anterior and a posterior 
border and two ends, upper and lower and an epididymis. 

The lateral surface is more convex while the medial surface is almost flat. 
The anterior border is convex and rounded and is directed forwards and down- 
wards. The posterior border is straight and gives attachment to the epididymis 
in its lateral part. 

The epididymis is attached to the lateral part of the posterior border of the 
testis and consists of a head, a body and a fail. The head of the epididymis is formed 
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A — The developing o\um7~ 

B— Corpus albicans. 

C— Stroma. 

Fig. 785. The histological structure of 
(he ovary (Micropbotograph). 

cortex and a medulla. The Cortex 
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by its upper expanded part which is connected with the testis by the efferent ducts 
of the latter. The body of the epididymis overlaps on to the lateral surface 
of the testis and is separa- 



into the left renal vein. 


Nerve supply. Nerves supplying the testis arc derived from the tenth thoracic 
segment of the spinal cord through aortic and renal plexuses. 

Lymphatics. The lymph vessels from the testis accompany the spermatic cord 
and enter the abdominal cavity along with the vas deferens and then accompanying 
testicular artery they end in the aortic group lymph nodes. 

General structure. Externally the testis is lined by the visceral layer of the 
tunica vaginalis and subjacent to it there lies its fibrous tunic. The fibrous tunic of 
the testis, formed by the tunica albuginea becomes thicker and condensed posteriorly 
and is known as the r nediastinum testis through which the blood vessels and lympha- 
tics make their way. From the mediastinum testis numerous fine septa pass within 
the testis which subdivide it into about 250 irregular compartments or lobules. . In 
each lobule there are two or more thread-like seminiferous tubules. Each seminifer- 
ous tubule is about 2 feet long and is much convoluted to form the convoluted semini- 
ferous tubules which produce the sperm cells. In the apex'of the pyramidal-shaped 
lobule or compartment the seminiferous tubules take up a straight course to form the 
straight stminiferous tubules. In the mediastinum testis the straight seminiferous 
vtubules from different compartments form a network known as the tele testis- From 
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the upper part of the rete testis about six to twelve ducts, the efferent ductules, each 
of which measures about 4 to 6 cm. in length pass to the head of the epididymis. 



Specific structure. The testis being the male reproductive organs they arc mainly 
concerned in the production of sex cells and the sex hormones. The seminiferous 
tubules are concerned with production of sex cells whereas the interstitial tissues 
are concerned with the 
elaboration of the sex hor- 
mones. Thus basically, 
the specific structures of 
the testis arc the semin- 
iferous tubules and the 
interstitial tissue. 

Seminiferous tubules. 

Each seminiferous tubule 
is a tubular structure 
having a lumen -within 
and a surrounding wall. 

The surrounding wall is 
formed by a thin connec- 
tive tissue membrane, the 
basement membrane. The 
basement membrane sup- 
ports two types of cells, the 
spermatogone cells or the 

Spermatogonia, and then//- Fig. 788. Tie structure of a seminiferous tubule 

porting cells or the Serlolt cells. (Enlarged and Diagrammatic). 
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The spermatogmic cells or the spermatogonia. The are germinal epithelial cells 
of the tubule and greatly out-number the supporting cells and form closely packed 
layers of cells in relation to the basement membrane. 

The supporting cells or the 
Sertoli celts. The Sertoli or the sup- 
porting cells of the seminiferous 
tubule arc tall, slender cells which 
are placed perpendicularly to the 
basement membrane in between 
the spermatogenic cells. They 
may undergo change in shape and 
may be rounded to be transfor- 
med into phagocylic cells which 
engulf the dead and the degene- 
rating spermatogenic cells. They 
arc also believed to concerned in 
some way in the metamorphosis of 
the spermatid into spermatozoa. 

The Interstitial tissue. The 
interstitial tissue lies in between 
the seminiferous tubules and con- 
sists of connecthe tissue cells and 
fibres, interstitial cells or cells of Leydig , blood less els, lymphatics and nenes. The interstitial 
cells are large polyhedral cells with large nucleus and granular cytoplasm and arc 
concerned in the production of the male sex hormone. 

Structure of the epididymis. Each of the efferent ductules is convoluted to 
forma mass, the lobule of the epididymis and different lobules of the efferent ductules 
unite to form the head of the epididymis ; from the head of the epididymis efferent ductules 
unite below to form the canal of the epididymis. The canal of the epididymis which 
measures about 20 ft. in length is folded many times upon itself to form a compact 
mass, the body and tail of the epididymis. The vas deferens, which is the efferent 
duct of the testis, begins from the canal of the epididymis opposite its tail. 

Development. The developments of the testis are threefold. 7 (1) The con- 
voluted seminiferous tubules, the straight seminiferous tubules and the retc testis 
develop from the genital ridge opposite the fourth lumbar to second sacral segments 
during the sixth week of foetal life. The cells of the genital ridge proliferate to 
form cords of cells known as the medullary cords which are united together to form a 
series of cord-like structures known as the rcte cords. The retc cords are canalised 
subsequently, . (2) The efferent ductule and the lobule of the head of the epididymis 
develop from six or more mesonephric tubules which later on establish communica- 
tion between the rete testis and the canal of the epididymis. (3) The canal or the 
duct of the epididymis and the vas deferens are developed from the mesonephric 
ducts (Wolflin ducts). 

Gubernaculom testis. It is a cord-like structure of spindle-shaped cells 
which develop in association with the testis. Its upper end splits into three pro- 
cesses, each being attached to the adjacent peritoneum, to the testis and to the 
mesonephric ducts. It passes through the growing abdominal wall and its lower 
end splits up into numerous process or strands of varying length which are attached 
to the scrotum, perineum, root of the penis, inner side of the thigh and also to the 
adjacent parts. 

Descent of the testis. As growth follows, the gubemaculum testis gradually 
shortens, and its lower end having extensive attachment, acts as a fixed point and, as it 
gradually shortens, it drags the testis, the peritoneum and the mesonephric duct. 
A balanced traction from different strands of the gubemaculum testis drags the 
testis, peritoneum and the mesonephric duet through inguinal canal to the scrotal 
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fluid collects in between the parietal and visceral layers of 'the tunica vaginalis it is 
known as the paginal hydrocele. Soon after birth the layers of the processus vaginalis 
are fused together and its lumen is shut off from the general peritoneal cavity. In 
some cases the processus vaginalis remains patent and a collection of fluid into a 
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Fig 791. The further stages in ihe descent of the testis 


patent vaginal sac is known as the congenital hydrocele. In some cases the processus 
vaginalis is shut ofT from the peritoneal cavity but it remains patent below and a 
collection of fluid into the vaginal sac under this condition is known as the in/anlile 
hydrocele. Here the scrotal swelling extends upwards along the spermatic cord. 
Sometimes the processus vaginalis is obliterated both at the deep inguinal ring and 
opposite the head of the epididymis but remains patent in the intermediate portion 
and a collection of fluid into this patent sac is known as the encysted hydrocele of 
the cord. Sometimes localised swelling on the head of the epididymis is known as 
the encysted hydrocele of the epididymis or spermatocele. 

Testicular anomalies. The anomalies in the development of the testis may 
be considered under the following heads: — 

(1) Anomalies of position. Normally the testis is obliquely placed within the 
scrotum with it upper pole directed upwards and forwards. Any deviation from 
the usual position and direction of the upper pole of the testis is known as inversion of 
the Ustis. In some cases the upper pole rotates forwards in which it is directed 
directly forward and the testis lies in a horizontal position (anterior rotation). In 
some the upper pole is routed backwards (posterior rotation). 

(2) Anomalies of number. Although it is very rare, there may be complete 
absence of testis on both the sides giving rise to a condition known as AnnrcM dism. 
Sometimes there is only one testis and the condition is known as Monorchidism. There 1 
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may be one or more supernumerary testes with their excretory' ducts (epididymis, 
vas deferens etc.) and such conditions are known as polyorchidism. 

(3) Anomalies of descent. The descent of the testis may be arrested at any point 
in its normal path of descent giving rise to a condition known as cryptorchidism which 
/may be either unilateral (commoner, 1 in 500) or bilateral. The cryptorchidism 
I may be of supraingninal or abdominal , inguinal and subinguinal types. In supnunguinal 
Ikiype of cryptorchidism, the descent of the testis is arrested within the abdomen, in 
wWniinal type, in the inguinal canal and in subinguinal type, between the subcutanc- 
' ^-^“iguinal ring and the scrotum. 

cryptorchidism, the affected testis lacks in usual development and is smaller 
Spermatogenesis fails to occur and the organ often becomes the seat of 
vialtgnancy and new growths. 

\ (4) Abnormal migration. In lliis, the testis migrates from its normal path to 

some abnormal situation giving rise to a condition known as ectopia testis or aberrant 
migration. In ectopia testis, the position of the organ is extremely variable and the 
following varieties of the ectopia testis have been detected according to its location. 


ypjsftc. 


fa) Pelcic. Descending in the true pelvis. 

(b) Inguinal. Lies under the skin of the abdomen above the inguinal ligament. 

(c) Penile. It may descend to the root of the penis or it may lie tinder the skin 
of the penis. 

fa) Perineal. It may be located in the perineum. 

(c) Femoral. It may lie in the femoral canal or under the skin in the femoral 
triangle. 

(f) Trattsierse ectopia. In this the testis is located in the opposite scrotal sac. 

Age changes. At birth the testis weiglis only about 2 grms. and it then slowly 
increases in size until pttbem when it starts growing rapidly and at the end of puberty 
it gains about 100 times its birth weight. Before puberty, the seminiferous tubules are 
not canalised and spermatogenesis does not occur; the matrix between the tubules 
arc formed by undifferentiated connective tissue cells; in a tubule, the cells of Sertoli 
outnumber the germinal cells. At puberty', the seminiferous tubules become cana- 
lized, the germinal cells outnumber the ecus of Sertoli and spermatogenesis begins; 
specific interstitial cells differentiate in the matrix between the tubules and begin to 
secrete androgenic hormone. ^ 

The Vas deferens. It is the direct continuation of the canal of the epididymis and 
at its origin it is very tortuous and ascends upwards Dn die medial side of the epididy- 
mis along the posterior border of the testis. From the upper pole of the testis it 
becomes straight and passes upwards afong the posterior border of the spermatic 
cord to the superficial Inguinal ring and enters the inguinal canal. Then it reaches 
the deep inguinal ring where it is separated from the other constituents of the sperma- 
tic cord and enters the abdominal cavity through the deep inguinal ring on the 
lateral side of die inferior epigastric artery. In the abdomen, it at first runs forwards 
in front of the external iliac vessels for about 2'5 cm. and then descends downwards 
and backwards and crosses in front of the external iliac vessels. Then it descends 
downwards and medially on the lateral wall of the true pelvis under cover of the 
parietal peritoneum and lies on the medial side of the obturator, umbilical and 
vesical vessels. Then it crosses the ureter to gain its medial side and descends to 
the base of the bladder to reach the upper end of the seminal vesicle and gradually 
approaches the vas deferens of the opposite side. Here it is separated fiom the 
rectum by the rectovesical fascia. Then it reaches the basal surface or the prostate 
where it unites with the duct of the seminal vesicle to form the ejaculatory duct 
which passes through the posterior pan of the median lobe of the prostate and ends 
by opening into the prostatic portion of the urethra on either side of the prostatic 
utricle. Close to the base of the bladder it forms a dilatation known as the ampulla. 

It is the excretory duct of the testis and carries the semen to the seminal vesicle 
and then to the prostatic portion of the urethra. 
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THE THYMUS 

The thymus is a bilobcd vascular type of ductless gland and is a derivative of the 
ventral ends of the third pharyngeal pouches. Being a vascular gland it is of pink 
colour. 

Situation and extent. It is situated mainly within the thorax in the superior 
and anterior mediastinums and partly into the root of the neck and extends 
from the level of the cricoid cartilage upto fourth costal cartilage. Within the 
thorax it interv cne> between the back or the sternum in front, and the pericardium 
and the great vessels behind, and in the root of the neck, between sternohyoid and 
I sternothyroid muscles in front and the trachea behind. 

Shape and sice. Both shape 
and size are extremely variable 
from man to man, from man to 
woman and at different ages of 
life in the same individual. Its 
shape is mostly dependent on its 
size and usually takes the shape 
of the mould formed by the sur- 
rounding structures. In the infants 
its lobes arc pyramidal in shape 
and arc broader below. In the 
adult it forms two irregular, 
flattened elongated bands. 

Weight. At birth it weighs 
about 13 gnns., at puberty about 
37 grins, and in the adult about 
30 grms. on average. 

Parts for examination. The 
Fig 7 91. 'Die thymus gland as seen from ilicTiont gland is surrounded by a fibrous 

capsule and consists of two 
asymmetrical lateral lobes which lie in close apposition with each other 
and arc held together by loose ateolar tissue and usually presents a line of cleavage 
between the two lobes. Its surfaces are anterior and posterior and present a lobula- 
ted character. 

Relations. Anteriorly, it is related to the back of the upper part of the body of the 
sternum, the back of the manubrium sterni and the lower part of the sternohyoid 
and sternothyroid muscles. Posteriorly, it lies successively upon the pericardium, ascend- 
ing aorta, arch of the aorta, left brachiocephalic vein, and the trachea, the inferior 
thyroid vein intervening between the trachea and the gland. In the thorax, the 
gland lies just in fiont or the trachea but at the root of the neck it lies at its antero- 
lateral part. 

When the thymus is of considerable size, as m the infant, it extends laterally 
beyond the sternum and insinuates between the costal pleura and the anterior margin 
of the lung and its lateral portion is related in front to the back of the costal cartilages 
(upto 4th costal cartilage), intercostal spaces (1st, 2nd and 3rd) and the internal 
thoracic artery being separated by the costal pleura. Tpsteriorly the lateral 
portion is related to the anterior margin of the lung being separated by' the parietal 
pleura. 

1 'oscular supply. The arteries supplying the gland are the thymic branches 
from the internal thoracic and the superior and inferior thyroid arteries. The veins 
open into brachiocephalic, thyroid and internal thoracic veins. 

Lymphatics. The lymph vessels from the gland end into innominate lymph 
nodes. 
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substance known as the substantia gelatinosa cen trait around which there Ices the 
grey commissure of the medulla spinalis. Its inner surface is lined by ventricular 
ependyma and it contains the cerebro-spinal fluid. In the lower part of the conus 
medullaris it forms a fusiform dilatation known as the terminal ventricle and measures 
about half an inch in length. 

Different tracts in the spinal cord 

(1) In the anterior white column — 

(а) Anterior spino-thalamic tract. 

(б) Anterior cerebro-spinal tract (uncrossed pyramidal). 

(c) Vestibulo-spinal tract. 

(d) Anterior intersegmcntal tract. 

(2) In the lateral white column — 

(а) Lateral cerebro-spinal tract (crossed pyramidal). 

(б) Rubro-spinal tract. 

(c) Tecto-spinal tract. 

(d) Olivo-spinal tract. 

(e) Posterior spino-cerebellar tract. 

(f) Anterior spino-cerebellar tract. 

(g) Spino-tectal tract. 

(A) Lateral spino-thalamic tract. 

(t) Postero-lateral tract. 

(j) Lateral intersegmental tract. 

(3) In the posterior white column — 

(a) Fasciculus gracilis. 

(■ b ) Fasciculus cuneatus. 

(c) Semilunar tract (occupying the cervical and upper thoracic region 
only). 

(rf) Dorsal peripheral strand. 

(#) Triangular strand. 

(J) Posterior intersegmental tract. 

Ascending Tracts of the Spinal Cord. All ascending tracts of the spinal 
cord carry afferent impulses to the higher centres and these impulses, which they 
cany, are divided into two main groups as (1) Exteroceptive and (2) Proprioceptive 
impulses. 

Exteroceptive impulses are caused by external agents and are appreciated by 
consciousness in the iorm of pain, heat, cold, touch etc. These exteroceptive sensa- 
tions travel in the medulla spinalis by three principal ascending tracts, namely, 
anterior and lateral spino-thalamic tracts and the fasciculus gracilis et cuneatus. 

Spino-thalamic tracts. The spino-thalamic tracts consist of anterior and 
lateral spino-thalamic tracts. 

The anterior spino-thalamic tract transmits crude sensations with discriminative 
quality to the sensory area of the brain. It arises from the cells of the posterior horn 
of the opposite side and ascends upwards along the anterior white column to reach 
the medulla oblongata where it comes in close contact with lateral spino-thalamic 
tract. 

The lateral spino-thalamic tract transmits painful and crude touch stimuli 
without any discriminative quality to the sensory area of the brain. It arises from 
the cells of the posterior horn and ascends upwards along the lateral white column 
to reach the medulla oblongata where it comes in close contact with the anterior 
spino-thalamic tract. 

In the medulla oblongata the two tracts are grouped together to form the 
spinal lemniscus which ascends upwards to end into the anterior part of the lateral 
nucleus of the thalamus. From the thalamus relay fibres pass upwards through the 
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posterior limb of the internal capsule and finally end ill the postcentral gyrus of the 
ceiebral cortex. 

PropTinepthe sensations ox deep sensations originate in the muscle, tendon etc., 
and are not appreciated by consciousness. They consist of sensations of movements 
and posture and keep the higher centres well informed about the position of the 
body. These sensations travel through the fasciculus gracilis et cuneatus. In 
addition to the proprioceptive fibres the fasciculus gracilis ct cuneatus carry some of 
the exlcioeeptivc fibres which are concerned with discriminative impulses of pain, 
heat and touch sensibility and ascertain localisation of such sensations. 

Fasciculus gracilis et cuneatus. The fasciculus gracilis arises from the poste- 
rior grey cells of the medulla spinalis and begins fiom the lowest limit of die same. 
It ascends upwards through the posterior white column and occupies its medial 
portion; it ends in the nucleus gracilis or the medulla oblongata. 

The fasciculus cuneatus arises from the posterior horn cells and begins from the 
mid-thoracic region and ascends upwards through the lateral part of the posterior 
white column to end into the nucleus cuneatus of the medulla oblongata. 

Relay fibres arise from the nucleus gracilis and cuneatus and form the internal 
arcuate fibres which decussate with the fellow of its opposite side, the great sensory 
decussation, in the upper part of the medulla oblongata and then ascend upward* 
as a distinct band known as the medial lemniscus and then passing through the 
tegmentum of the mid-brain they finally end in the ventral part of the lateral nucleus 
of the thalamus. Relay fibres from the thalamus pass through the posterior limb 
of the internal capsule and end into the post-central gyrus of the cerebral cortex. 

The fibres of the fasciculus gracilis and cuneatus carry all the deep sensibility 
with the exeption of the pressure and pressure pain sensations. They also carry 
discriminative impulses of pain, heat and touch sensibility. They are also concerned 
with localisation of sensations and characterise sensation of movement and posture. 

Anterior spino-ccrebellar tract. It lies close to the surface of the spinal cord 
ventral to the posterior spino-cerebellar tract and passes through the lateral white 
column of die spinal cord. Its fibres pass through the medulla and pom and then 
enter die cerebellum through the superior cerebellar peduncle and end in the 
superior vermis of the same. 

Posterior spino-cerebellar tract. It also lies close to the surface dorsal to 
the anterior spino-cerebellar tract and ascends upwards in the lateral white column 
of the spinal cord. It enters the cerebellum through the inferior rerebellar peduncle 
and end in the vermis of the cerebellum. 

Spino-tectal tract. Its fibres arise in the posterior hom cells and decussate 
with the fellow of the opposite side to reach the opposite lateral white column. 
Its fibres pass through the medulla and pons and finally end in the superior quadri- 
geminal body. 

Descending Tracts. The descending tracts of the spinal cord constitute the 
efferent pathways from the cerebrum, cerebellum and corpus striatum, lower visual 
centre and from the vestibular nucleus. The fibres from the cerebrum constitute the 
cerebro-spinal tract and ihc fibres from the vestibular nucleus form the vestibulo- 
spinal tract. The following arc the descending tracts: 

(1) Cerebro-spinal tract. It has been described under the head “Pyramidal 
tract.” 

(2) Rnbro-spinal tract. The rubro-spinal tract is the efferent pathway from 
the cerebellum and the corpus striatum. Its fibres arise from the corpus striatum 
and the cerebellum and pass to the red nucleus from where relay fibres arise and 
decussate with the fellow- of the opposite side and descending downwards through 
the dorsal part of the pons and medulla they pass through the lateral white column 
of the spinal cord In close company with the crossed pyramidal fibres and finally 
end in the anterior hom cells of the same side. 
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Nerves. The fibrous capsule of the gland is supplied by branches from the 
phrenic nerves whereas its glandular substance is supplied by branches from the 
vagi and the sympathetic nerves. * * , 

Development. During the fifth week of foetal life the thymus gland appears as 
two bilateral diverticula, one on each side, from the ventral ends of the third pharyn- 
genal pouches (Entodermal origin). The two diverticula grow down caudally to lie 
over the ventral aspect of the pericardium and soon become detatched from their 
pharyngeal connection and fuse together to form a single lobulated mass. At first 
the diverticula are hollow outgrowths but soon they become solid by proliferation 
of the entodermal cells. Irregular outgrowths also appear on the surface to give it 
a lobulated character which are converted into follicles. Mesenchymal cells from the 
surrounding soon invade into it and give rise to the formation of the connective 
tissue elements of the gland. At about the tenth week, lymphocytes appear into the 
gland and are believed to be formed out of the mesenchymal cells. The entodermal 
cells are transformed into the reticular elements. The HassalPs corpuscles are believed 
to be the specialised formation of the reticular cells in which they are the hypertro- 
phied and degenerative product. 

Histological structure. The thymus gland is 
surrounded by a connective tissue capsule which 
sends in fine septa carrying blood vessels within 
the gland to subdivide it into innumerable 
lobules. Each lobule consists of a peripheral 
denser cortex and a central less compact medulla. 

Cortex, The cortex consists of closely packed 
cells of lymphocytes which arc usually called 
thymic cells or thymocytes and a few reticular cells 
of epithelial origin which are found to be 
scattered amongst the lymphocytes. It resembles 
the cortex of an ordinary lymph node but differs 
from the latter in having no germinal centre. 

Medulla. The medulla consists mostly of 
reticular cells, a few lymphocytes and the con- 
centric corpuscles of Hassall. The presence of the Hassall’s corpuscle forms the 
characteristic feature of the thymus medulla. 

Hassall' s corpuscle. It is a cell-nest in which, around one or two centrally placed 
cells, flattened cells are arranged concentrically so as to give rise to a laminated 
appearance. The centrally placed cells usually show signs of degeneration. The 
cells are of epithelial origin and are the specialised formations of the reticular ceils 
formed by transformation of the entodermal cells. 

THE SPLEEN 

The spleen is the largest ductless gland and lies deeply in the abdominal cavity 
between the stomach and the diaphragm on the left side. It is dark purple in colour 
and is extremely friable in consistency. Its shape varies according to the condition 
of the stomach and the left colic flexure and roughly is of oblong flattened form. 

Situation. It is chiefly found in llie left hypochondriac region and partly 
extends into the epigastrium and occupies a recess in between the stomach and the 
diaphragm. It is obliquely placed and its long axis runs from above' downwards, 
laterally and forwards and practically coincides with that of the tenth ^rib. 

Measurements and weight — 

Length . . • - . . . . 5 Indies. 

Breadth .. .. . . . . 3 inches. 

Weight . . . . . . . . 6 ounces. 



793. The histological structure 
of the thymus gland. 
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Parts for examination. The spleen has got two iurfuccs— visceral and 
diaphragmatic, two Iwrders — -superior and inferior, two ends — lateral and medial and 
a hilum. 



The visceral surface of the spleen presents the gastric, colic, pancreatic and the 
icnal impressions, and the hilum, which transmits the splenic vessels and nerves. The 
hollowed out area above and in front of the hilum forms the gastric impression and 
is in relation with the anterosuperior surface of the stomach from which it is separated 
by the greater sac. The colic impression is a small depressed area opposite to the 
lateral end of the spleen and is in relation with the left cr lie flexure and the phrenlco- 
colic ligament. The pancreatic area is in relation with the tail of the pancreas and 
intervenes between the gastric and the colic areas. The renal impression lies behind 
the gastric impression and the hilum and is separated horn them by a rounded ridge. 
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The diaphragmatic surface is convex and is in relation with the undersurface of 
the diaphragm which separates it from the ninth, tenth and eleventh ribs and from 
the lungs, pleura and the costo-diaphragmatic recess on the left side. 

The superior border or the spleen is thin and presents one or two notches. It 
separates the gastric impression from the diaphragmatic surface. The inferior border 
is thicker than the superior border and separates the renal impression from the 
diaphragmatic surface. 

The medial end of the spleen is rounded and is directed to the vertebral column 
and corresponds to the level of the 12th thoracic vertebra. The lateral end is broad 
and expanded and lies opposite to the level of the third lumbar vertebra. 

Peritoneal relation. The spleen is completely covered by peritoneum except 
the hilum through which the splenic vessels and nerves enter. 

Ligaments af the spleen 

(1) Gastro-splenic ligamef'. It is a short fold of peritoneum that connects the 
fundus of the stomach with the spleen and contains in between its two layers the 
short gastric and the left gastro-epiploic vessels. Its posterior layer is derived from 
the peritoneum of the lesser sac while its anterior layer being derived from..t!ifc-^«ttoneMw- 
of the greater sac. 

(2) Lieno-renal ligament. It is a double fold ^peritoneum which forms the 
true splenic pedicle and carries in between its two layers the splenic vessels and 
nerves and the tail of the pancreas and connects ^he spleen with kidney. Its posterior 
layer is derived from the peritoneum of the grealef sac while its anterior layer is derived 
from the lesser sac. 

(3) Phrenieo-coUc ligament. It is a short peritoneal fold that connects the left 
colic flexure with the diaphragm and supports the lateral end of the spleen and 
hence it is often called the suspensory ligament'of the spleen. 

Structure of the'spfeen7~ The spleen consists of serous and fibrous coats and 
a trabecular network containing the splenic pulp, capillary tufts and lymphatic 
nodules. 

Serous coat. It is formed by the peritoneum which entirely covers the spleen 
except its hilum. It is inseparably connected with the underlying fibrous coat. 

Fibrous coat. The fibrous coat is inseparably connected with the serous coat 
and is known as the tunica propia. The tunica propia consists of fibrous tissue together 
with some elastic fibres embedded in it and some plain muscle fibres. The admixture 
of elastic fibres and plain muscle fibres makes the tunica propia an clastic and dis- 
tensible tunic. 

Trabecular network. The tunica propia sends out a number of trabecular 
processes within the organ which further divide into several processes which unite 
one another and with the fibroussheath of the vessels and form the trabecularnetwork. 
Lying within the meshes of the trabecular network is the splenic pulp and each net- 
work with the contained splenic pulp in its meshes constitutes the splenic lobule. 

The splenic pulp consists of a network of branched connective tissue corpuscle 
which forms the sus tentacular tells of the spleen and embedded within it is the lymphatic 
nodule or the malpighian corpuscle which stands out as a minute white elevation in 
contradistinction with the dark red colour of the splenic pulp. The interlobular 
arteriole breaks up into branches which carry blood to the lymphatic nodule where 
they form a network of vessels. Capillaries arising from the network pass to the 
marginal zone of the lobule. The capillary' wall is formed by a single layer of endo- 
thelial cells which separate from one another to form the splenic sinusoids and 
consequently the capillary blood comes in direct contact with the reticular tissue of 
the splenic pulp. The blood of the splenic^ sinusoid contains a number of white 
corpuscles and some special cells characteristics of the spleen and are knmen ns the 
splenic cells. Each splenic cell contains a pigment and a red blood corpuscle. From 
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the splenic sinusoids minute radicle of vein begins which unite together to form a 
larger vein and the larger veins finally unite together to form the splenic veins which 
all unite to form the trunk of the splenic 


vein which joins with the superior 
mesenteric vein to form the portal vein. 

Vascular supply of the spleen. 

The splenic branch of the coeliac artery 
supplies the spleen. 

The splenic vein joins with the > 
superior mesenteric vein to form the / 
portal vein. 

Nerve supply. Hie spleen is 
supplied by the splenic plexus derived 
from the cocliac plexus and receives 
its fibres from the sympathetics and 
from the vagus nerve (paras ympathejics). 

Lymphatics of the spleen. The 
lymphatics draining the spleen consist 
of trabecular and perivascular lymph 
vessels. The trabecular lymph vessels 
communicate with the subscroys lymphatics and join with the perivascular lymph 
vessels at the hilum. The perivascular lymph vessels begin in the lymphoid tissue 
and in the walls of the blood vessels and emerge at the hilum with blood vessels and 
then join with the trabecular lymph vessels. The collecting trunks end in the splenic 
lymph nodes, the efferents of which, pass to the coeliac group of lymph nodes. 



Fig. 796. The histological structure of the spleen. 
= Malpighian corpuscle*. 


B= Trabeculae. 


NJi . — One may be interested to note bow the spleen functions as a icscrvoir of blood and how It 
u maintaining efficient portal circulation over and above its other functions. The functions of the 
spleen arc a* follows: — 

(i) It is capable of storing large quantities of blood as reserves and i* capable of considerable 
distention owing to large amount of clastic tissues present in its capsule and the trabeculae 
This reserve blood is thrown out into general circulation, when required, as after a 
severe haemorrhage or vigorous cxcercisc and hence thr size of the spleen fa much reduced 
after haemorrhage. 

(»/) The spleen undergoes a slow rhy thmical contraction, about once per minute, which increases 
portal pressure and thus helps in the portal circulation. 

(ill) It produces lymphocytes. 

(is) It destroys worn out red blood corpuscle*. 

(to It forms bile pigments. 

(ft) It is believed to form antibodies. 

(hi) It forms R. B C* during foetallife. 


Development. Localised thickenings appear in the coelomic epithelium on 
the left side of the upper end of the dorsal mesogastrium. The cells of these thicken- 
ings invade the underlying mesoderm and form different cell masses which ultimately 
fuse together and form the Iobulated spleen. Later on, this lobulatcd character 
disappears but remnants of a few usually persist even in adult life which are re- 
presented on its superior border as splenic notches. 
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The nervous system is n sp ecialised tissue organisation in the body in which 
the nerve celts with their protoplasmic processes are the constituent units. The 
protoplasmic processes arc drawn out into fine threads which may be either short 
or long and are known as the nerve fibres. A nerve cell with its processes is called 
a neuron. The neurons are concen trated centrally within the body mostly and form a 
mass of central {wdy from which fibres (processes) extend peripherally to establish 
connections with peripherally disposed tissues or structures. This centralization of 
the nervous system is a vertebrate characteristic. Some of the cells are also grouped 
peripherally which establish connections both with the peripheral structures as well 
as with the central body. Thus the nervous system may conveniently be grouped 
into central nervous and peripheral nercous systems . 

The central nervous system or the cerebrospinal axis consists of brain and 
the medulla spinalis (spinal cord). The nerve cells within the central nervous system 
are arranged cither in groups or in compact layers from which fibres extend variously 
either for a short or for a long distance within the system and terminate by relays 
into another group or groups of cells. Thus the nervous pathways within the 
central nervous system are formed by relays of nerve cells, one group terminates 
into another by mere contacts. The point of contact between two nerve cells is 
called a synapse (See page. 74). 

Functionally the central nervous system is concerned in receiving, co-relating, 
and integrating incoming nervous impulses so as to give rise to the motor impulses Tor 
necessary reactions of the body. The brain, in addition, is concerned in the conscious 
perception of the environment and in unconscious adjustment of the body in relation 
to the body in space. 

The peripheral nervous system consists of (a) forty-three pairs of cranio- 
spinal nerves and (f>) the visceral nervous system. The cranio-spinal nerves consist 
of 12 pairs of cranial nerves and 31 pairs of spinal nerves. The visceral nervous 
system is connected with the spinal nerves by grey and white rami communicans 
and is also connected with some of the cranial nerves. 


Nervous System 


Central Nervous System Peripheral Nervous System 


Brain Medulla spinalis 

(spina) cord) 


Cranio-spinal nerves Visceral Nervous System 


Cranial nerves Spinal nerves 
(12 pairs) (31 pain) 


Sympathetic Parasympathetic 

. Nervous System Nervous System 

When a neuron is stimulated it becomes excited to react or to give a “response” 
in the form of an impulse which is conducted away from the ceil through its axon 
to other cell or cells or to the effector organ. Thus excitability by stimulus, response 
to stimulus in the form of an impulse and the conductivity of the latter away from the celt arc 
the fundamental characters of a neuron. 
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Grey and white matter. If %ve review the development of the nervous system 
from the neural plate and the neural tube, it will be seen that in the latter, during 
the earlier days, the cells are found to be scattered at random in which the cells, their 
dendrons and axons mingle together in a mesh. Subsequently the cell bodies are* 
gathered in groups or nuclei and their fibres run into bundles or tracts. This organisa- 
tion of the cells into nuclei and the fibres into tract is governed by the principle of 
veuTobintaxis (nerve-living attraction). The principle of neurobiotaxis postulates 
that the ncive cells migrate towards the source of stimulation. Thus in the medulla 
spinalis (spinal cord) the cells arc concentrated towards the centra! canat or centrally. 
These centrally migrated cells are richly supplied with capillary blood vessels and 
this mixture of cells and blood vessels gives out a grey appearance on a cioss-section 
and is called the grey matter. The long processes of the neurons which run a long 
way from the parent cell bodies acquire a fatty sheath, the myelin sheath, around 
them which lias a high refractive index and it is due to this myelin sheath the mass of 
fibres gives a white appearance and hence it is called white matter. 

Nucleus and ganglion. Any localised mass of cells having the same function 
within the central nervous system is called a nucleus. The mass of cells in course of 
o peripheral nerve is called a ganglion. 

Somatic and visceral nerves. A nerve is an aggregation of parallel nerve 
fibres situated peripheral to the central nervous system to which it is connected. A 
somatic time is distributed to the structures that develop from the somites and may 
be cither afferent or efferent. The visceral nerves supply the viscera and blood vessels 
and plain muscles and consist of afferent and efferent fibres. The nerves that 
supply the structures of the branchial arches arc know n as special visceral nerves. 

Motor nerves. A motor or efferent nave 
takes it origin either from a single nucleus or 
from a group of nuclei within the central 
nervous system and terminates into the effector 
organ cither directly or indirectly. In case of 
voluntary or skeletal and branchial muscles thev 
(.motor nerves) terminate into the muscle or 
muscles (effector organ) directly in the form of 
motor end-plates. In case of the involuntary 
muscles and the secreting glands the motoi 
nerves after their origin from the cerebiospinal 
axis first terminate into the sympathetic 
ganglion or ganglia (preganglionic fibres) by 
i clays and then the fresh relay fibres from the 
ganglion or ganglia (postganglionic fibres) pass 
to the involuntary muscles or to the secreting 
glands. All motor nerves arc made up of 
myelinated fibres and their cells of origin are 
multipolar cells. Thus a motor nerve may be 
either a somatic motor (supplying skeletal 
muscle) ot efferent, a visceral motor oi efferent 
(supplying either the plain muscles or the 
secreting glands) or a branchio-motor or special 
visceral efferent. 

Sensory nerves. The sensory nerves are the peripheral processes of the 
ganglion cells situated outside the central nervous system along the course of a pen* 
t phcral nerve. They are connected with the central nenous system by the centra! 

* processes of the ganglion cells constituting the sensory root. A sensory nerve is 
distributed in a particular area or in a particular structure in which it terminates 
in a special formation in the form of either a free end or an encapsulated end which 
arc meant for receiving different types of sensations and are known as receptor organs. 

( Thus a sensory nerve is ornamented with receptor organs in their fields of distribution 
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which creates sensory impulse and conduct the same to the central nervous system 
through the ganglion cells and their sensory root. A sensory’ nerve may be either 
myelinated or amjelirtated and its cell body is either bipolar or unipolar cell. 

Cranial and Spinal nerves. Although there is no morphological difference 
between a cranial and a spinal nerve yet there are some fundamental points of 
differences between them. A cranial nerve may be either entirely motor or 
seonsory or it may be of mixed type. A spinal nerve is always a mixed nerve. A 
spinal nerve is attached to the surface of the medulla spinalis (spinal cord) by motor 
and sensory’ roots which are separated from each other by a considerable distance 
(the two roots have two different points of attachments). The motor and sensory 
loots of a mixed cranial nerve are attached to the same point on the surface of the 
brain. 

Functional types of nerve fibres. Depending on the thickness and the rate 
of conduction of a nerve fibre, a mixed peripheral nerve may be subdivided into 
three functional types. A, B and C. 

“A”- — fibres are the thickest of all and they are most rapidly conducting fibres. 
They are myelinated and their diameter varies between 20 and Ip and the rate of 
conductivity in them ranges from 120 to 6 meters per second. They consist of 
motor fibres to the striated muscles, and the sensory fibres from the skin and the 
skeletal muscles. 

“B” — fibres are slowly conducting fibres and they consist of myelinated pregan- 
glionic autonomic fibres. Their thickness may reach upto a maximum of 4/« in 
diameter and their conductivity varies between 14 and 3 meters per second. 

“C” — fibres are most slowly conducting fibres and they are unmyelinated. 
The rate of conduction varies between 1*6 meters and 0-3 meters per second. 

Theories of Nervous conduction. Membrane tkeory. This theory postulates 
that a neuron is covered with a film-like polarised membrane having positive and 
negative electrical charges, the outer surface is charged positively and tire inner 
surface of the membrane is charged negatively. With adequate stimulation it is 
depolarised at the point of stimulation and subsequently the whole membrane is 
depolarised with the passage of the impulse. After a lag period (latent period) 
the membrane regains back its polarity by the cell activity. 

The theory of chemical transmission or the humoral theory . According to this theory, 
adrenalin or the acetylcholine, as the case may be, are the chemical agents which 
are responsible for a nervous conduction. As a proof to this theory it is stated that 
when a sympathetic postganglionic fibre is stimulated adrenalin is liberated at the 
nerve terminals, and similarly, when a preganglionic fibre, or a somatic efferent 
fibre or a postganglionic parasympathetic fibre is stimulated acetylcholine is found 
to be formed at the terminals of these nerves. The acetylcholine is neutralised by 
cholinesterase, an enzyme, which is also formed near the nerve terminals. 

Ionic Theory . This is the latest theory in which it is postulated that when a 
nerve is stimulated (during the activity of a neuron) sodium ions permeate into the 
cell body from the extracellular fluid whereas the potassium ions pass out of the cell 
due to increased permeability of the cell membrane of the neuron. This passage 
of the sodium and potassium ions gives rise to an electromotive force which is respon- 
sible for the nervous conduction. 

THE MEDULLA SPINALIS (SPINAL CORD) 

The medulla spinalis is that portion of the central nervous system which is 
contained within the vertebral canal and is the same prolongation of the brain 
winch is contained within the cranial cavity. 

It is about eighteen inches long and half an inch wide and extends from the 
foramen magnum, where it is continuous with the medulla, to opposite the first 



Fig. 798- The _ caudal portion of the medulla spinalis (spinal cord) with its 
meninges and nerve roots. With kind permission from 
Lcderlc Laboratories Ltd Drawn by Paul PccL 

The spinal meninges.* The medulla spinalis is ensheathed by three fibrous 
membranes, namely, an outer, the dura mater, an intermediate, the arachnoid and 
an inner, the pia mater; the dura mater only loosely surrounds the cord, and is separa- 
ted from the vertebral canal by the extradural space which contains some areolar tissue, 
the extradural venous plexus and a quantity of fat.| The interval between the dur3 
mater and arachnoid mater is called the sub-dural space and contains a small amount 
or lymph. A wider interval, traversed by numerous trabeculae, the sub-arachnoid 
space, intervenes between the arachnoid mater and the pia mater. It holds cerebro- 
spinal fluid. The arachnoid mater is a delicate non-vascular layer and like the dura, 
it is not firmly attached to the cord. Both the dura and arachnoid with their spaces 
and contents descend as low as the second sacral vertebra, i.e., both the dura mater 
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and arachnoid mater together with the sub-arachnoid and the sub-dura! spaces 
extend downwards as far as the level of the second sacral vertebra. 

The pia mater is closely adherent to the medulla spinalis (spinal cord) and 
accordingly terminates at the same level with the medulla spinalis i.e., opposite the 
first lumbar intervertebral disc. From the lower end of the conus meduJIaris the pia 
mater prolongs downwards as a delicate thread-like process known as the ftlum 
terminate which fuses with the periosteum on the back of the coccyx. The 
ligamentum denlieulaUtm are tooth-like processes of pia mater which pierces the 
arachnoid and connect the pia mater with the dura mater. They run in series on 
each side of the medulla spinalis and intervene between the two roots of the spinal 
nerve and partially divide the sub-arachnoid space into two compartments. On 
the anterior part of the pia mater opposite the median plane there is a thickened 
glistening line known as the tinea splendent. 


The differences between the spinal and cerebral dura mater:. 


Cerebral dura mater 


Spinal dura mater 


1. Cerebral dura mater consists of two 
layers, endosteal and meningeat layers, 
which arc closely adherent to each 
other except at the spaces where they 
contain the cerebral sinuses. The en- 
dosteal layer forms the inner 
periosteal covering of the cranial bones 
and the meningeal layer covers the 
surfaces of the brain. 

2. The dura mater being intimately 
adherent to the inner surface of the 
cranium, there is no extra-dural space. 



3. The cerebral dura mater sends out four 
processes, falx cerebri, fa Lx cerebelli, 
tentorium cerebelli, diaphragm sellae, 
which subdivide the cranial cavity into 
different compartments. 

4. The cerebral dura mater is more thick 
and tough. 


1. The spinal dura mater consists of a 
single layer which covers the spinal 
cord. The vertebral canal has got 
its separate periosteal lining. 


2. Theie is always some interval 
between the periosteal lining of the 
vertebral canal and spinal dura 
mater and thus having extra-dural 
space which contains some loose 
areolar tissue, venous plexus and 
some fatty tissue. 

3. The spinal dura mater does not give 
any process. 


4. The spinal dura mater is less thick. 


The vascular supply of the medulla spinalis. The arteries supplying 
medulla spinalis are the anterior and posterior spinal arteries from the fourth part 
of the vertebral arteries and the spinal branches from the posterior intercostal and 
lumbar arteries. 

The two anterior spinal _ arteries, one from each vertebral artery, descend down* 
wards to the level of the olive of the medulla oblongata where they unite together to 
form a single trunk which descends in from of the medulla spinalis. In its course 
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downwards it is reinforced by the union of the spinal branches from the second part 
of the vertebral artery, ascending cervical, posterior intercostal and lumbar arteries. 
It (the trunk formed by the two anterior spinal arteries) ends below upon the filum 
terminate. In addition to supplying the pia mater and the nerve roots it furnishes 
a branch, the anterior median artery, to the anterior median fissure, which on entering 
the fissure gives off alternately right and left branches called the commissKral arteries. 
These are distributed to the corresponding right and left half of the grey matter 
anteriorly. 

The posterior spinal arteries pass backwards and then descend as two branches, 
one in front of and the other behind the posterior roots of the spinal nerves. They 
are reinfroccd by a succession of spinal twigs from the second part of the vertebral 
artery, ascending cervical, posterior intercostal and lumbar arteries; they supply 
mainly the white matter and also portions of the grey matter. 

The veins of the medulla spinalis lie within the pia mater and unite to 
form an anterior, a posterior and right and left trunks. After being joined by veins 
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from the bodies of the vertebrae, brandies/ emerge through the intervertebral 
foramina and terminate in the veitebral, intercostal and lumbar veins. 

Subdivisions of the medulla spinalis* The medulla spinalis is divided into 
two symmetrical halves by an anterior and a posterior median fissure. Eadi half is 
further sub-divided into three columns by the attachments of the posterior and 
anterior nerve roots. The portion lying in between the anterior median fissure and 
the series of the anterior nerve roots is called the anterior white column, the portion 
in between the anterior and posterior roots is called the lateral white column and the 
portion in between the posterior roots and the posterior median fissure is known 
as the posterior white column. In the cervical and upper thoracic regions the 
posterior white column is further sub-divided by a shallow longitudinal groove into 
fasciculus gracilis and fasciculus euneatus, the former being medial to the latter. 

Section of the medulla spinalis. A transverse section of the spinal cord 
opposite the mid-dorsal region is seen to consist of a central grey matter and a 
peripheral white matter. 

The central grey matter is divided into two symmetrical halves which are 
connected to each other by a transverse band of grey matter, the grey commissure 
which is pierced by the central canal opposite the median plane; the two symmetrical 
halves of the grey matter together with the central grey commissure resemble like 
that of the letter ‘H.’ The portion of the grey matter lying in front of the transverse 
band is called the anterior horn and the portion posterior to it is known as the poste- 
rior horn of the medulla spinalis; opposite each end of the transverse band, a conical 
expansion of the grey matter is known as the lateral horn of the spinal cord. 

Close to the central region of the medulla spinalis at some places iheie is no 
clear cut distinction between grey and white matter and the former is invaded by 
ascending and descending white fibres and thus the network formed by the interlac- 
ing grey and white matter is known as the reticular formation of the spinal cord. 



ANttfttOk MEDIAN FISSURE 

Fig. 600 A ltans\ erse section of the meduiia spinalis opposite the fourth 
cervical vertebra. 


The anterior ham, which is thicker than the posterior horn, is separated from the 
surface of the spinal cord by a band of fibres known as the anterior white column. 
It consists of multipolar nerve cells which give rise to somatic efferent fibres which 
arc entirely motor in function and supply the voluntary muscles. 

The posterior hom is directed backward as elongated grey masses and extends 
almost upto the surface of the spinal cord. It is composed of nerve cells which give 
rise to nerve fibres of the second afferent neuron and are entirely sensory in function 
and receive fibres from posterior root ganglion. Surrounding the posterior hom 
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(hoc is a mass of gelatinous nervous tissue known as the subslanlia gdatinoia. It 
consists of both neuroglia cells and nerve cells. Traced upwards the substantia 
gelatinosa is found to be continuous with the nucleus of the spinal tract of the trige- 
minal nerve. 



THORACIC VIII 


Fir. 801 A transverse section of the medulla spinalis (spinal 
cord) opposite tlw seventh thoracic vertebra. 

The lateral born is composed of nerve cells which give rise to visceral efferent 
fibres which pass through the anterior root fibres and constitute the preganglionic 
sympathetic fibres. 


rOSlMIOH MEDIAN 5EATUM 



Tig. 802. A transverse section of the medulla spinalis opposite the 
third lumbar vertebra. 


The central canal of the medulla spinalis exists throughout its whole length and is 
continuous above with the inferior angle of the fourth ventricle and below it extends 
far down as two inches within the fihim terminnle. It is surrounded by a gelatinous 
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This is chiefly concerned with the maintenance of postural tone of the voluntary 
muscles. 



(3) Tecto-spiaal tract. This is the efferent pathway for the superior 
quadrigeminal body and together with the spino-tectal tract completes the visual 
reflex arc. It arises from the cells of the superior quadrigeminal body and soon 
decussates with the fellow of its opposite side and then passing through pons and 
medulla runs through the anterior white column of the spinal cord and finally ends 
in the anterior horn cells of the same side. 

(4) Vesribalo-spinal tract. This tract is the efferent pathway for equili- 
bratory reflexes from the vestibular nucleus. Its fibres arise from the lateral vesti- 
bular nucleus in the pons and medulla and descend through the spinal cord in the 
anterior white column and finally end in the anterior horn cells of the same side. 

64 
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Development of medulla spinalis. The medulla spinalis develops from that 
portion of the neural tube which lies below the level of the fourth somite- In the cord 
region the neural tube at first presents a pair of thick lateral walls, a thin roof and a 
floor and a narron cleft-like lumen. Each of the thick lateral walls differentiates into 
outer marginal layer, inner ependymal layer and intermediate mantle zone. Eater 
on, the ventral half of each lateral wall becomes thickened due to proliferation of the 



cells of the mantle zone. As a result of this differential growth the ventral part of 
the lumen of the cord becomes compressed and a furrow known as the salats limitans 
appears on each side which separates the thicker ventral part from the comparatively 
thinner dorsal part of the lateral walk This thickened ventral part of each lateral 
wall is now called the basal lamina. The dorsal portion also becomes thicker and is 
called the alar lamina and the two laminae are separated from each other by the 
sulcus limitans. 

The basal laminae of the neural tube form that part of the medulla spinalis which 
is essentially motor in function while the alar laminae develop into parts which arc 
sensory in function. With further growth and increase in size of the laminae the 
central canal is progressively diminished in size and later on it is completely obhte* 
rated posteriorly by fusion of its two walls and the fused walls form the posterior 
median septum. Concurrently with the formations of the posterior median septum 
the basal lamina of each side projects forwards and consequently a groove appears 
between the two developing basal laminae which later on forms the anterior median 
fissure. The ventral part of the original lumen of the central canal persists as defini- 
tive central canal. 

With therapidly differentiating cells in the medulla spinalis increasing number of 
ascending and descending fibres develop and differentiate later on. into anterior, 
laterat and posterior white columns. 

In post-somite embryos, and until the beginning of the third month, the develop 
ing medulla spinalis extends into the developing coccygeal region. Later on, the 
vertebral^ column, which develops in the mesoderm surrounding the cord, grows 
more rapidly and as a result of this differential growth between the spinal cord and 
the vertebral column the former lies at the level of the third lumbar vertebra at 
or after birth. Consequent upon the disproportion in the rate of growth, the spina! 
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nerves below the upper cervical region pass out with increasing degree of obliquity 
and with the retrogression of the spinal cord the loner part of the vertebral canal 
is only occupied by the lower spinal nerves (cauda equina) and the filum terminate. 


THE BRAIN OR THE ENCEPHALON 

Brain or encephalon is that portion of the central nervous system which is 
contained within the cranial cavity, and is surrounded by three membranes, the 
dura mater, arachnoid mater and the pia mater in order from without inwards. 

Man is superior to animal because he stands erect on his legs and uses them for 
locomotive purposes, and that the superior extremity is an added gift and above all • 
the well-developed central nervous system which he possesses is his highest valuable 
possession which functions in various ways. Taking the human body as a great 
living factory, the brain is the main generator in it, the nerves are its wiring 
mechanism and other organs and body parts are its accessories. 

The central nervous system in man is divisible into two parts, brain and medulla 
spinalis. The brain is its bulkiest portion which is contained within the cranial cavity 
and the medulla spinalis is its doivmvard prolongation which is contained within the 
vertebral canal and extends oA far as the upper border of the second lumbar vertebra. 

During earlier months of development the outer surface of brain presents a 
smooth surface but later on localised depressions appear on it which subsequently 
form distinct fissures or sulci and are responsible for the convoluted character of its 
surfaces. 

Structurally it consists of an outer grey matter and an inner white matter; the 
grey matter is composed of nerve cells while the white matter is composed of nerve 
fibres. ' 


Drain or Encephalon 


Vroscneephalon Mesenceplialon Rhombencephalon 

or or or 

Fore brain Mid brain Hind brain 


Ventral portion (Dorsal portion 

(cerebral peduncles) or 

Tectum 

(corpora quadrigemina) 


Telencephalon Dienccphalon Rhinenccphalon 


Ventral portion 
(pons and medulla 
oblongata} 


Dorsal portion 
(cerebellum) 


Coverings of the brain or tbe cerebral meninges. Brain or encephalon is 
covered by three membranes and they, from without inwards, are the dura tnater, 
arachnoid mater and the pia mater. The dura mater is the toughest and thickest 
of all and is derived from the mesoblastic tissue whereas the arachnoid mater and 
the pia mater are epiblastic in origin and are thin and delicate membranes. 

Dura mater. It forms the outermost covering of the brain and is thick and 
tough. It consists of two layers : (a) outer endosteal and (6) the Inner meningeal 
layers. These two layers are firmly ^adherent to each other everywhere except at 
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places where they enclose cerebral venous sinuses. The sinuses are enclosed either * 
by separation of these two layers or by reduplication of its inner or meningeal layer. 

Outer endosteal layer. It forms the periosteum of the inner surface of the 
cranial bones and ends below at the margins of the foramen magnum. It is firmly 
adherent to the bones at the basal area and less so in the region of the vault of the 
skull except opposite the sutures where it is firmly adherent and is connected with 
the epicraniirm by the sutural ligament. 

The inner or meningeal laver of the dura mater invests the surfaces of the 
brain and sends out the following processes: 

{!) Falx cerebri. It is a sickle-shaped fold of the inner layer of the dura mater . 
which dips in between the two cerebral hemispheres. It is formed by the reduplica* 
tions of the meningeal layer. Anteriorly it is attached to the crista _g ali and the ■ 
frontal crest of the fro nt al bong and superiorly it is attached to the margins of the ; 
superior sagilta! sTilcuS'and posteriorly it is attached to the superior surface of the ' 
tentorium cerebelh, inferiorly it ends in a free concave border. The superior sagittal 
sinus lies along its upper border, the inferior sagittal sinus along its free, concave, lower 
border and the straight sinus lies along its line of attachment with the* tentorium , 
cerebelh. .. ' 

(2) Tentorium ctrtbelli. It forms a tent-like investment for the cerebellum and ! 
intervenes between it and the occipital lobe of the cerebral hemisphere. Its outer 
convex border is attached to th e mar gins. transvers e sulcus. o f the occipital 
bone, the raastoid"angle uf~me parietal bon e and t he superior border of the petrous 
pa rt of the temporal bo ne and i Sally itlr ads by being atta ched to the posterior " 
dinoitl processes, its in ner border is con c ave and frce jjmtenorly the inner border 
ends by bciruLatl achcd to the a nterior~clinoid proces ses. In between the concave 
free margins there is an oval sp'ateTnhenjtKSTTSrfRelent, which gives passage to the ! 
mid-brain. It encloses two sinuses, (a) the transverse sinus lies at the posterior part 
of its attached border and (4) the superior petrosal sinus lies along its line of attach- 
ment on the superior border of the petrous part of the temporal bone. 

(3) Falx eerebelli. It is a small sickle-shaped process of dura mater which 
intervenes between the two halves of the cerebellum posteriorly. It contains the ; 
occipital sinus. 

(4) Diaphragm sellae. It is a short process of dura mater which roofs in the 
pituitary fossa. It is pierced by the infundibulum. It contains the two inter- 
cavernous sinuses. 

The meningeal layer of the cerebral dura mater is continuous with the spinal 
dura mater around the margins of the foramen magnum. 

The arachnoid. The arachnoid is the delicate vascular membrane that 
lines the brain and bridges across the lips of the sulci and fissures of the brain and 
intervenes between the dura mater and the pia mater. It is continuous below' 
with the spinal arachnoid and ends below opposite the second sacral vertebra. The 
following are the processes given out by the cerebral arachnoid. 

1. Arachnoidal ti III. These are delicate tortuous processes given out by the 
arachnoid mater which push the dura mater in front of them and eventually pierce 
them and project into the lumen of the cerebral sinuses. The arachnoidal villi are 
covered by a specialised mesothelial cells by means of which the cerebrospinal fluid 
is conveyed to the blood of the cerebral sinuses. 

2, Arachnoidal granulations (Pacchionian bodies). These are the masses of 
aggregated arachnoidal villi which project into the lumen of the cerebral sinusts 
and may cause protrusion of the wall of the venous sinus against the cranial wall in 
the region of the sinus and cause pits, the granular foveolae (pits), on the inner 
surface of the cranium near the sulci for the cerebral sinuses. 

•V.B.— The mciothelial cell* etner the aradmoilal villi and Cushing termed these cells M , 
"Meningocytw" which are found in the different parts of the central nervous system and they function 
In a variety of ways forthe defence of the bodv. v 
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They are usually found in the following places: 

(a) Arachnoidal villi. 

(b) Within the fibrous structure of the dura mater. 

{c) On the arachnoid mater covering of the posterior root ganglion of the 
spinal nerve. 

(d) In- the arachnoid mater covering the choroid plexus of the lateral 
ventricle. 

(t) In the cerebrospinal fluid. 

> Functions — 

(») They act as scavengers and engulf foreign bodies, bacteria, etc., and 
hence they act as phagocytes. 

(u) They help in the reparation of the dural rent. 

(m) They excrete cerebrospinal fluid to the venous sinuses and thereby 
, maintain equilibrium of pressure between the two systems, 
r («») They absorb colouring matter. 

f (p) They have the power to produce bile pigment from the haemoglobin 

? (producer of bde pigments). 

Pia mater. It forms the delicate vascular membrane which closely invests 
the surfaces of the brain and dips into the bottom of the fissures and sulci. Below 
• it is continuous with the pia mater covering of the medulla spinalis and ends opposite 
i the level of the second lumbar vertebra and then is continued as the filum termi- 
; uale. The space between it and the arachnoid is die sub-arachnoid space which con- 
i'- tains the cerebrospinal fluid. The following processes are given out by the pia mater: 

I (a) Perivascular processes. The arteries supplying the brain lie in the sub- 

arachnoid space and they receive first an investment from the arachnoid 
i and when they pass to the brain substance by piercing the pia mater 

{ they receive another investment from the pia mater and the potential 

< space in between its double sleeves is known as the perivascular space. 

’ (i) Processes dipping into the sulci and fissures. 

(c) It provides sheaths for the cranial and spinal nerves. 

(d) It forms tela chorioidea of the third and the fourth ventricles. 

! (s) In the medulla spinalis it sends out a septum that dips into the anterior 

median fissure of the medulla spinalis. It presents a thickening opposite 
the septum within the anterior median fissure of the medulla spinalis 
; and is known as the tinea splendens. 

(J) Ligamentum denliculala. They are the tooth-like processes of pia mater 
i that project outwards in between the anterior and posterior roots of the 

r spina! nerves and after piercing the arachnoid they are attached to the 

dura mater. They are about 21 in number on each side and serve to 
* suspend the spinal cord in the mid-line. 

The sub-arachnoid cistemse. These are sub-arachnoid spaces on the 
' different surfaces of the brain (especially on the basal surface), formed by the process 
of reflection of the arachnoid mater on the surface of the brain. The pia mater 
Tof the brain intimately covers the surfaces of the brain and dips into the 
' \ sulci so as to cover their bottom and then is reflected on to the adjacent gyri but the 
j J arachnoid mater on the other hand bridges across the inequalities on the surfaces of 
y the brain, that is, from one gyrus to another (not dipping into the sulcus between 
i the gyri) or from one part of the brain to another and thus leaving wide gaps or 
spaces at certain places between the arachnoid mater and pia mater known as 
. sub-arachnoid cisterne. These spaces (sub-arachnoid cistemae) are usually more capa- 
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cious and wide at the basal area of the brain because hue the inequalities mark 
(heir prominence. According to situations the following sub-arachnoid osternae tna> | 
be distinguished. 

1. Cistcma cerebellomed u Haris. 

2. Cisterns pontis. 

4. Cistema interpeduncularis. 

4. Cistema of the lateral sulcus. 

5. Cistema venae magnae cerebri. 

1. Cistema cerebellomedullaris. It is formed by the arachnoid mater bridging the 
interval between the medulla oblongata and the undersurface of the < cerebellum. 
Below it is continuous with the sub-arachnoid space of the medulla spinalis (spinat 
cord). 

2. Cistema pontis. It is present on the ventral aspect of the pons and it contains 
the basilar artery. 

3. Cistema interpeduncularis. It is situated at the interpeduncular fossa at the 
base of the brain and contains the circulus arteriosus and the roots of the oculomotor < 
nerve. 

4. Ctslerna of the lateral sulcus. It is formed by the arachnoid mater bridging 
across the lips of the lateral sulcus and contains the middle cerebral artery. 

5. Cisterna venae magnae eerebn. It occupies the interval between the spletuum 
of the corpus callosum and the superior surface of the cerebellum. It contains the 
great cerebral vein. 

The sub-arachnoid cistemae contain the cerebrospinal fluid and directly or 
indirectly communicate with one another and with the cavity of the fourth ventricle 
by the apertures on tire roof of the fourth ventricle. 

The circulation of the cerebrospinal fluid. The fluid is secreted by the 
ependymal cells covering the choroid plexuses of the lateral and, to a certain extent, 
by that of the fourth and third ventricles. Leasing the lateral ventricles by the inter- 
ventricular foramen the cerebrospinal fluid traverses through the third ventricle- 
From there it reaches the fourth ventricle via the aqueduct of the mid-brain. 
Emerging through the central and lateral apertures in the pia mater forming the 
roof of the fouitli ventricle, the fluid enters the cerebello-medullary cistern and 
descends in the sub-arachnoid space down the back of the spinal cord as far as the 
second sacral spinous process. Ascending on the front of the cord the fluid occu- 
pies the pontine and interpeduncular cisterns respectively and is then distributed 
along the lines of the main cerebral arteries. From the interpeduncular cistern the 
fluid ascends on the lateral surface of the corresponding cerebral hemisphere through 
the gap in the tentorium cerebclli and reaches the arachnoid villi associated with 
the superior sagittal sinus and is able to pass back again into the blood-stream. 

Within the vertebral canal there is no active flow of the cerebrospinal fluid 
whereas within the cranial cavity there is active flow which 5s subject to different 
variations according to the change of pressure between the two fluids (blood or the 
cerebral sinuses and the cerebrospinal fluid). 

Artery supply of the brain. The arteries supplying the brain are the cerebral 
portions of the internal carotid artery, and the basilar artery formed by the union of 
the two vertebral arteries. 

^ Circnlus arteriosus\ (ciTclc of Willis). The circulus arteriosus is a remarkable 
arterial anastomosis, situated in the cistema interpeduncularis at the base of the 
brain. It forms a circular outline, hence called the circulus arteriosus, which 
encircles almost all the structures in the interpeduncular fossa. The formation o> 
the anastomosing circle is described as follows : 

In front, the two anterior cerebral arteries arc joined to each other by the 
anterior communicating artery; behind, the basilar artery (formed by the union of 
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the two vertebral arteries) divides into the posterior cerebral arteries, each of which 
is connected with the internal carotid artery of the same side by the posterior com - 
municatmg artery. 



The circuhis arteriosus forms the chief source of artery supply to the brain as 
follows : 

The brain gets its blood supply from the circulus arteriosus formed by 
middle, anterior and posterior cerebral and the anterior and the posterior 
communicating arteries. The branches supplying the brain are arranged them- 
selves in two groups, central and cortical. The central and the cortical group 
of blood vessels form two different systems which are independent of each 
other and they never communicate with each other in any part of their intra- 
cerebral course. 

The c entral system ef. Wa nd. vessels.#™; St rictly *end arterie s’, i.e., each artery 
that penetrates into the brain supplies its own territory "and nerve anastomoses with 
any other artery. They arise from the circulus arteriosus and are arranged into six 
groups, anteromedial, posteromedial, right and left anterolateral and right and left 
posterolateral groups. They supply the thalami and the corpora striata. The 
anteromedial group arises from the anterior cerebral and the anterior communicating 
arteries, the posteromedial group arising from the posterior cerebral and the posterior 
communicating arteries, the right and the left anterolateral group from the middle 
cerebral while the right and the left posterolateral groups arise from the posterior 
cerebral arteries. 

The cortical system of vessels form the terminal branches of the anterior, middle 
and the posterior cerebral arteries and they divide into long and short branches. 
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The long branches penetrate through the outer grey matter to reach the subjacent 
•white matter and are about one and a half inches long. The short branches ramify 
hi the pial sheath and supply the superficial cortical grey matter. 

.V J}. The ccrcberal artery, once it penetrates into the brain, ne\er communicates with an> 
other artery and occlusion of such an artery has grave consequences in that, the part or brain supplied 
by it, is cut off from its blood supply and there is softening or the particular area. The bonier 2oaes 
between the territories or brain supplied by the long and the short branches of the conical system of 
blood vessels and between the ccniral and cortical systems of blood vessel arc poor in blood suppl) 
and consequently softening of brain h common in these places. 

The veins of the brain. The veim of the brain differ from other veins in 
that they are devoid of any muscular wall and they have no valves. They have a 
fibrous wall which is linea by endothelium. They have an important bearing in 
that before reaching the sinuses of the dura mater, into which they open, they are 
to traverse the sub-arachnoid space and consequently are subjected to presurc of the 
cerebrospinal fluid. 

The cerebral veins are divided into superficial and deep group of veins. The 
superficial cerebral veins come under four heads, superior, middle, inferior and the 
anterior cerebral. The deep group of veins include the internal cerebral, thalamos- 
triate, choroid, inferior striate, great cerebral and basal veins. 

The cerebellar leins are the superior and inferior cerebellar veins. The superior' 
cerebellar vein opens into the great cerebral vein while the inferior cerebellar veins 
open into the occipital, sigmoid and inferior petrosal sinuses. 

Lymphatics of the brain. The brain is devoid of any lymph vessels but they 
arc replaced by spaces surrounding the cerebral arteries and arc known as perivascular 
spaces. The cerebral arteries arc contained within the sub-arachnoid spaces and 
as they reach these spaces they receive a sheath from the arachnoid mater and 
finally when they pierce the substance of the brain, they receive another investment 
from the pia mater. Thus a cerebral artery, as it passes through the brain substance, 
is enveloped by two sleeves, one from the arachnoid mater anti another from pia 
mater and the potential space between the two sleeves is calle d t he periva scular 
space. The tissue tluid ol the brain and cor’d passes tiuough thcseperivascular spaces 
and finally passes into the cerebrospinal fluid. 


THE HIND BRAIN OR THE RHOMBENCEPHALON 

The hind brain or the rhombencephalon is divisible into ventral and dorsal 
parts. The ventral part consists of medulla oblongata and the pons while its dorsal 
part is formed by the cerebcffum. 

Medulla oblongata. The medulla oblongata forms the direct continuation 
from the lower part of the pons and is continuous with the medulla spinalis 
(spinal cord) below. It extends from the lower margin of the pons to a transverse 
plane pas sing abo ve the first pair of cervical nerves. 

It is^juriforro 1 in shape and measures about 3 cm. in length, 2 cm. transversely 
and '1*25 cmTantero-posteriorly. Its anterior and posterior surfaces are marked by 
median fissures, the anterior and posterior median fissures. 

Anterior median fissure. It extends along the entire length of the medulla 
oblongata. Below it is continuous with the anterior median fissure of the medulla 
spinalis. Above it ends In a small triangular recess immediately below the pons, known 
as the foramen caecum. Its lower part is interrupted by a band of fibres which 
crosses obliquely from one side to the other and constitute the decussation of pyramid. 

Posterior median fissure. It is present only at the lower part of the medulla. 
Below it is continuous with the similar fissure of the medulla spinalis and above it 
ends at the upper angle of the fourth ventricle. 1 
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Thus Me see that t he ante rior and posteriorjaiedian fissures divide the medulla 
into two halves which aie continuous below with the corresponding half of the 
medulla spinalis. Each half ofthe medulla presents another two vertical fissures on its 
lateral aspect and according to the situations they are called the anterolateral and 
posterolateral fissures.' The roots or the. hypogTossaTncrvc emerge from the antero- 
lateral fissure; the roots of the glossopharyngeal^ vagus, and accessory nerves, make 
their exit through the postero-lateral fissure. 

The pyramid or the anterior region of the medulla oblongata. The 
anterior region of each half of the medulla is called the pyramid and lies in between 
the anterior median and the antcro-lateral fissures. It is separated from the pons 
by a transverse fissure which gives exit to the abducent nerve. It is separated from 
the olive by the anterolateral fissure which transmits the roots of the hypoglossal 
nerve. It forms an elevation which is wider above and gradually narrows as it 
approaches the medulla spinalis. The ventral aspect of each pyramid is crossed by 
the ant erior cxl gaa Larcu ale-fibres as they run up wards, backwards and, latera lly 
from the ^anterior median fissure to join thc .mliihmi bod y or the inferior cerebellar 
peduncle. j 1 

The two pyramids, one on each side, are placed side by side being separated 
from each other by the anterior median fissure. They contain the pyramidal tract 
fibres or the cerebrospinal fibres which reach them from the basilar part of the pons. 
In the loner part of the medulla the pyramidal fibres of the two pyramids undergo 
partial decussation opposite the anterior median fissure forming the gnat dtcussalhn 
of pyramid. The decussated fibres form the crossed pyramidal tract which pass to 
the opposite lateral white column of the spinal cord. About one-fourth of the fibres 
which occupy the lateral aspect of the pyramid do not decussate but they form the 
uncrossed or direct pyramidal tract fibres and pass to the anterior white column of 
the me dullajipin alis on the sa me si de. 

The lateral region of the medulla. The lateral or intermediate region of 
the medulla lies in between the antero-lateral and postero-Iateral fissures. Its 
upper part forms a prominent oval mass known as the olive and is produced by the 
underlying olivary nucleus. The roots of the hypoglossal nerve emerge in front of 
the olive while those of the glossopharyngeal, vagus and the accessory nerves emerge 
behind it. Above it is separated from the pons by a deep transverse fissure and 
inferior!)' it io crossed by the anterior externa! arcuate fibres. Above and lateral to 
the olive the roots of the facial and stato-acoustic (auditory) nerves make their 
appearance from the transverse groove at the lower border of the pons, the stato- 
atousdc (auditory) nerve being plated lateral to the facial nerve and in between 
the two there lies the sensory root of the facial nerve. 

Below the olive the lateral area is seen to be confluent with the lateral column 
of the medulla spinalis and contains the anterior and the posterior spina-cerebellar 
tracts. 

The posterior region of the medulla. It lies in between the posterolateral 
fissure in front and the posterior median fissure behind. It is divided into medial 
and lateral areas by a shallow groove. The medial part consists of the fasciculus 
gracilis while thejateral p art form s the fasciculus cuneatus of the medulla spinalis. 
The swelling of the fasciculus gracilis is named as the graeile tubercle and is produced 
by the nucleus gracilis. The swelling of thejasciculus c uneatus is termed the cuneate 
tubercle and is caused by the cuneatenucleus. 

The upper part of the posterior region of the me dulla oblongata is occupied by 
the inferior cerebellar peduncle situated in between "the lower part of the fourth 
ventricle and the roots of the glossopharyngeal and vagus nerves. 

THE FOURTH VENTRICLE 

The fourth ventricle or the cavity of the hind brain is a rhomboidal oi a 
diamond-shaped cavity situated behind the lower part of the pons and the upper 
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part of the medulla oblongata. As it is diamond-shaped it presents four angles, 
superior, inferior and two lateral. Besides the four angles it consists of a floor, 
two lateral walls and a roof. 

The superior angle is continuous with the aqueduct of the mid-brain anti 
the inferior angle with central canal of the lower part of the medulla spinalis 
Its lateral angles are prolonged into small recesses round the dorsal and lateral 
aspects of the inferior cerebellar peduncle and arc known as the lateral recesses. 



The floor of the fourth ventricle. The floor or the anterior wail of the 
fourth ventricle is formed by the dorsal surfaces or the pons and medulla oblongata. 
It is rhomboidal in shape, that is, it resembles two triangles resting on their bases. 
Of its four angles, two are lateral and make die widest part of the floor; of the other 
angles, the superior is placed on a level with the upper border of the pons and is 
continuous with the aqueduct of the mid-brain and the inferior one is on a level 
with the lower border of the olive and is continuous with the central canal of the 
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medulla spinalis. At the lateral angles the space is prolonged for a short distance 
between the cerebellum and the medulla and thus forms the lateral recesses. Here 
the ependyma has slit-Iilce apertures on each side, the lateral apertures, which 
communicate with the sub-arachnoid space. 

The floor of the fourth ventricle is divided into two symmetrical halves by a 
median sulcus which extends from the superior to the inferior angle. On each side 
of the median sulcus there is an eminence, the medial eminence, lateral to which 
there is a sulcus, the sulcus limUans, Opposite the maximum breadth of the floor 
the medial emience forms a swelling, the colliculus facialis , caused by the abducent 
nerve nucleus and the ascending portion of the facial nerve. Below, the medial 
eminence forms a triangular area, the kypo glossal triangle which consists of hypo- 
glossal nucleus and the nucleus intercalates. The upper part of tllrsillcus limitau) 
is covered by a layer of pi ffloenTed nerve cellj md presents a bl ui sh-grev area called 
the locus earn lens; opposite' the cofllculus facialis it forms a deprSionTThe-^w/STw" 
fovea, and oppositelhe hypoglossal triangle it forms another depression, the inferior 
fovea . Lateral to the superior and inferior fovea there is an elevated aiea, the 
vestibular area. Crossing the vestibular area and the medial eminence there are a 
number of white strands and these are termed the auditory striae. Below the inferior 
fovea and between the hypoglossal triangle and the lower part of the vestibular area, 
there is a triangular dark field known as the ragal triangle caused by the dorsal 
nucleus of the vagus nerve. 

The lateral walls of the fourth ventricle. The lateral boundaries of the 
lower half of the fourth ventricle are formed from below upwards by the gracilc and 
cuneatc tubercles and the inferior cerebellar peduncles. Above, the lateral boundary 
is completed by tHe superior cerebellar peduncles. 



The roof of the fourth ventricle. The upper part of the roof is formctl by 
the superior cerebellar peduncles and superior medullar)' vclumv^Thc Jowei 
portion is formed bv the posterior part of the upper surface of the * ’ ' tor 
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medullary velum, the ventricular ependyma with tela chorioidea, taeniae of the 
fourth ventricle and the obex. 

The openings in the roof of the fourth lentricle. In the roof of the fourth ventricle 
there are three openings, — a median and two lateral. The median aperture Is 
always constant and is of considerable size. It is situated below the noduje. The 
lateral apertures are present at the ends of the lateral recesses and they are" partly 
occupied by the choroid plexus which protrudes into the sub-arachnoid space. It is 
through these apertures on the roof of the fourth ventricle that the cerebrospinal 
fluid of the fourth ventricle circulates into the sub-arachnoid spaces. * 

Transverse section of the medulla oblongata opposite the lower, closed 
part of the medulla. The following features will be noticed in the above section; 

(u) Decussation of the pyramid. The pyramidal fibres reaching the lower part 
of thepyramid cross each other and pass to thcjjppositc lateral white column of the 
spinaTcord In their course they pass through the anterior horn cells and thus split 
the anterior horn cell from the central grey core. 

(£> Posteriorly the posterior horn cells form two rounded collections of grey 
matter forming the nucleus gracilis and nucleus cuneatus, and into these nuclei the up- 
w ard continuation of the fasciculus gracilis nnd'cuneatus will be seen to enter. 

(c^-Close to the surface and vcntri-lateral to fasciculus cuneatus is the nucleus 
of w spinal tract of the trigeminal nerve. 

(a) Lying in close contact with tfic lateral aspect of the nucleus of the spinal 
tract is the spinal tract of the trigeminal nerve which lies just beneath the surface and 
forms an important landmark in this situation. 

”” («) The area between the nucleus of the spinal tract with its tract fibres and the 

pyramid there lies the rubrospinal tract, the spinocerebellar tract and the spinal lemniscus. 
The anterior and the posterior spino-cerebellar tracts lie close to the surface being 
placed one before the other The spinal lemniscus lies ventri-medial to the posterior 
spino-cerebellar tract. 

Transverse section through the upper part of the closed portion of the 
medulla oblongata. 

(*) Lying behind the pyramids and intervening between them and the central 
canal is the great sensory decussations in which the Fasciculus gracilis et cuneatus of one 
side cross with the fellow of its opposite side after their relay in the nucleus gracilis et 
cuneatus. 

(b) Lying behind the central grey matter is the more prominent nucleus gracilis el 
cuneatus. 

(r) The internal arcuate fibres arise from the ventral part of the nucleus gracilis et 
cuneatus and pass forwards to join in the sensory decussations. 

(d) The nucleus of the spinal tract with its tract lies ventri-lateral to the fasciculus 
cuneatus. 

(f) The rubrospinal tract, the spinal tract, the spino-cerebellar tract and the 
spinal lemniscus all occupy a position situated between the sensory* decussations and 
the lateral aspect of the medulla oblongata and due to compactness of fibres the 
precise position of these tracts are ill-defined. 

Transverse section through the lower part of the floor of thejaedutf* 
oblongata (upper-half of the medulla oblongata) . 

(a) Anteriorly on either side of the median plane is the pyramid traversed by the 
pyramidal fibres. 

(4) DorsMateral to the pyramid is the olivary nucleus which is a hollow nucleus 
with crenated margins. 1 

(c) OUco-cerebellar trad, which arises from the medial side of the olivary nucleus, 
crosses with the fellow of its opposite side at the median plane and passes to the 
opposite inferior cerebellar peduncle. 

(d) Extending from before backwards on either side of the median plane is the 
medial lemniscus which is the upward prolongation of the fibres of the sensory 
decussation. 
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(e) Opposite the hyoglossal triangle is the hypoglossal nucleus and lying behind 
the hypoglossal nucleus and ol«crued by the medial lemniscus is the medial longitudinal 
bundle. 

(/) Dorsi-latcra! to the hypoglossal nucleus are the nucleus intercalate and the 
dorsal nucleus of the vagus nerve. 

(g) Betu ecu the anterior end of the medial lemniscus and the dorsal nucleus of 
the vagus nerve is the nucleus of the tractus solitanusT" ' 

(A) Tlie nucleus ambigttus h situated within the deep part of the reticular forma- 
tion and is placed" mid-\vJ^bet\seeh. its anterior and posterior aspects away from the 
median plane. 

(l) The fibres of the inferior cerebellar peduncle occupy the extreme dorsi-lateral 
angle of the section and the spinal tract of the trigeminal nerve with its nucletis lies 
ventral to it. 

(j) The posterior spino-cerebellar tract , as it passes to the inferior cerebellar peduncle, 
intervenes between it and the spina! tract of the trigeminal dose to the surface of the 
medulla, 

(£) Ventral to the spinal tract of the trigeminal is the anterior spino-cerebellar trad. 

(1) Venlri-medial to the spinal tract of the trigeminal are the spinal lemniscus 
and the rubrospinal t/art. 

wv* 

THE POXS J 

The pons is that portion of the hind brain that lies in front of the cerebellum 
and intervenes between the cerebral peduncles above and the medulla oblongata 
below. Inferiorly it is separated from the medulla oblongata by a transverse 
sulcus both in front and laterally, and the abducent, facial and the stato-acoustic 
(auditory) nerve emerge from this sulcus from before backwards. 

It is divisible into ventral and dorsal parts; the anterior surface of the ventral part 
or the basilar part is convex from side to side as well as from above downwards and 
Hes in contact with the dorsum sellae of the sphenoid and the basilar part of the 
occipital bone. Its dorsal part forms posteriorly the upper part of the floor of the 
fourth ventricle and is overlapped on either side by tire superior carebellar peduncles. 
Above, the pons is continuous with the cerebral peduncles whereas below, it is conti- 
nuous with the medulla oblongata. 

Opposite the median plane the basilar part presents a shallow vertical groove 
known as the sulcus basilam and lodges the basilar artery; on either side of the sulcus 
basilaris there is a Jow rounded elevation caused by the descending fibres of the 
cerebro-spinal nerves; on either side of this elevation the roots of the trigeminal nerve 
emerge, the smaller motor root being placed in front of the larger sensory root. The 
portion of the pons lying posterior to the trigeminal roots constitutes its dorsal part. 

Internal structures of the pons. A section through the pons reveals that it is 
composed of scattered masses of grey cells which constitute different nerve nuclei 
and transverse and longitudinal bands of fibres which constitute different nerve 
tracts. To ease complications the nerve nuclei and nerve tracts found in the pons 
have been sumroated as follow's: 

Basilar tart of the pons. The basilar part of the pons consists of scattered 
cell-masses with nerve fibres, the cell-raassess constitute the nuclei pontis and the 
fibres form the cerebro-spinal (pyramidal) and cerebro-pontine fibres. 

The cerebro-spinal fibres descend downwards to the pyramid of the medulla 
oblongata for their subsequent course to the medulla spinalis. 

The cerebro-pontine fibres which have their origin from the different parts of 
the cerebrum, are relayed to the nuclei pontis at different levels. Fresh fibres arise 
from the nuclei pontis and passing transversely across the pons they reach the opposite 
cerebellum through the middle cerebellar peduncle. 

Lower tegmental or uorsal part of the pons. The lower tegmental region 
of the pons constitutes theformatio reticularis of the pons. It is so named because here 
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there Js no central grey core and instead the grey matter is broken into Isolated cell 
masses by interlacing fibres and it resembles a network of grey and white matter. 
The broken cell masses form the superior, inferior, lateral and medial vestibular nuclei, 
the ventral and dorsal cochlear nuclei, the nuclei of the abducent arid facial nerves, the 
superior salivary nucleus, the ventral and dorsal nuclei of the corpus trapezoideum and the 
nucleus of the spinal trad of the trigeminal nerve. 

The vestibular nerve nuclei receive the central processes of the bipolar cells of 
the vestibular division of the stato-acoustic (auditory) nerve and cerebellopontine 
fibres from the cerebellum. Fresh fibres arise from the vestibular nuclei which form 

(1) the medial longitudinal bundle, (2) a part of Use corpus trapezoideum, (3) the 
vcstibufo-spinal tract and (4) the vestibulo-ccrebellar tract. 

(1) Through the median longitudinal bundle the vestibular^ division of the 
stato-acoustic (auditory) nerve sends its fibres to the nuclei of the third, fourth, sixth 
and eleventh cranial nerves. 

(2) Corpus trapezoideum is the bundle of transversely disposed fibres derived 
partly from the vestibular and partly from the cochlear nerve nuclei. A few fibres 
of the corpus trapezoideum are relayed to the nucleus of the corpus trapezoideum by 
means of which the vestibular fibres are conveyed to the nuclei of the other cranial 
nerves. The majority of the fibres of the coitus trapezoideum ascend upwards as 
the lateral lemniscus which end in the medial geniculate body and the inferior 
quadrigeminal body and from there relay fibres associate the vestibular and cochlear 
fibres with the temporal lobe of the brain. 

(3) The vestibulo-spinal fibres from the vcstibulo-spinal tract end in the 
anterior horn cells of the spinal cord. 

(4) The fibres of the vestibulo-cercbcllar tract associate the vestibular fibres with 
the cerebellum. 

The nerve nuclei for the sixth and seventh nerves give origin to the respective 
nerves. The superior salivary nucleus gives origin to fibres which join the facial 
nerve and leave it as the chorda tympani branch which carries, in addition to the 
taste fibres for the anterior two-thirds of the tongue, secreto-motor fibres to the 
submandibular and sublingual salivary glands. 

Upper tegmental part of the pons. The upper tegmental region of the 
pons has the special features of having superior sensory nucleus and the motor nucleus 
of the trigeminal nerves and in addition to the trigeminal lemniscus -which arises 
fiom the sensory nuclei of the trigeminal nerve, it contains the spinal lemniscus, the 
medial lemniscus and the anterior spino-ccrcbellar tract. 


THE CEREBELLUM 

The cerebellum is the largest sub-division of the hind brain which lies within 
the posterior cranial fossa and is hidden from view by the tentorium cerebelli which 
separates it from the posterior part of the cerebral hemispheres. It is oval in form 
and is broader transversely than antcro-posteriorly. It weighs about 150 grms. In 
the adult, and bears a ratio of 1 : 8 with the cerebrum (cerebellum 1 andcercbrum8) 
in weight. 

Like the cerebrum, the cerebellum is composed of grey and white matter and 
the arrangement of the two substances are also similar to that of the cerebrum, that is, 
the grey matter or cortex lies externally and the white matter or the medulla lies 
internally. The cortex of the cerebellum is thrown into numerous slender folds 
known as the folia which are separated from each other by shallower fissures. The 
folia form the characteristic feature of the cerebellum as to its identity. , The medulla 
or the white matter occupies its interior, and when sectioned it resembles a branching 
tree in appearance. Thus the folia and the characteristic medulla resembling a branching tree 
{arbor vitae cerebelli) form the special feature of identity of the cerebellum. Embedded within 
the medulla are found isolated masses of grey matter which form its different nuclei. 



TUC NERVOUS SYSTEM 


1023 


Paris for examination — Anatomical . The cerebellum consists of two lateral portions 
known as the cerebellar hemispheres and a median portion known as the zermis which 
connects the two cerebellar hemispheres together in the median plane. The surfaces 
of the cerebellum are superior and inferior. The vermis on the superior surface Is 
called the superior vermis while that on the inferior surface is called the inferior vermis „ 
The inferior vermis lies in a deep furrow on the inferior surface between the two 
hemispheres known as the vallecula. At the extremities of the vermis, the cerebellar 
hemispheres are separated from v each other by deep notches. The anterior notch is 
V-shaped and is known as the incisurjrjemHunaris which embraces the superior cere- 
bellar peduncles and the inferior Quadrigeminal bodies. The posterior notch is 
narrow' and is occupied by a process of dura mater known as the falx cere belli. 


POST UNGUAL BHUKC 



lobes and fissures. Doth the cerebellar hemispheres and the vermis differ in 
their mode of sub-divisions on the two surfaces of the cerebellum while the great 
horizontal fissure which is of considerable depth, extends round the c ircumstan ce or & ^ 
each cerebellar hemisphere. In dealing with lobes and fissures, the vermis and the 
cerebellar hemispheres have been dealt separately in relation to the surface of the 
cerebellum. 

Superior vermis. It is the foliated median elevation, the monitculus, which connects 
the two ccrebullar hemispheres on the superior surface of the cerebellum. On 
cither side the superior vermis slopes down to be continuous with the cerebellar 
hemisphere and that there is no sharp demarcation between it and the latter. 

It extends between the incisura semilunaris (anterior notch) and the posterior 
notch and its most prominent portion is known as the oilmen monliajlL The fissura 
prima cuts the superior vermis a little behind the eulmcn monTTcuII and extends into 
the hemisphere towards the horizontal fissure. A little behind the fissura prima, 
the post-clival fissure cuts the superior vermis and then extends into die hemisphere 
like the fissure prima. The segment of the superior vermis between the fissura 
prima and the post-clival fissure is called the cljgus. The posterior extremity 
of the superior vermis that lies dorsal to the post-clival fissure is called the 
folium vermis. The ventral portion of the anterior extremity of the superior vermis 



rig 809, The subdivisions of the cerebellum as seen from the superior 
surface. 

post-central fissure. Both the precentral and the postcentral fissures are limited only to 
the breadth of the superior vermis. To summarise it may be mentioned that four 
fissures namely precentral, postcentral, fissure pnma and the postclnat fissure subdivide 
the superior vermis into lingula, central lobule, culmen monticvli , the citrus monticuh 
(Lobules chvi) and the folium vermis. 

Cerebellar hemisphere. Superior surface. The subdivisions of the superior surface 
of each hemisphere arc in conformity with the subdivisions of the superior vermis. 
I'.ach subdivision of the superior vermis, except the lingula, extends on either side 
and demarcates an area on the superior surface of the hemisphere which constitutes 
a lobe or a lobule. In order from before backwards these subdivisions are, aloe, 
anterior and posterior lunate lobules and the ansiform lobules (upper part). 

The lateral extention of the central lobule of the superior vermis forms ala of the 
central lobule on each side. The extension from the culmcn is the anterior lunate lobule 
which lies in front of the fissura prima. The posterior lunate lobule is the lateral exten- 
sion of clivus and lies in between the fissura prima and the post-clival fissure. The 
lateral extension of folium vermis is the ansiform lobule (upper part) and lies between 
the post-clival fissure and the horizontal fissure. 

Inferior iermis. It is the median foliated elevation on the inferior surface of the 
cerebellum and occupies the floor of the vallecula. The inferior vermis is demarcated 
from the cerebellar hemisphere by a narrow* para-vermian gutter known as the suhtt 
calleculae. 

The anterior part of the inferior vermis is called the nodule and consists several 
small folia. It forms the part of the roof or the fourth ventricle and is connected 
laterally with the flocculus with a sheet of white fibres known as the inferior medullary 
velum and forms the stalk of the flocculus. Behind the nodule and separated by a 
narrow fissure called the postnodular fissure, » the uvula. It is triangular in form the 
apex of which is directed towards the nodule. Behind the uvula is the conical pyramid 
demarcated by a deep fissure. Behind the pyramid and separated from it by a deep 
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fissure, the suprapyramidal fissure or thefissura secunda is the posterior extremity of the 
inferior vermis which forms the tuber vermis or the lobutus tuberis. The suprapyramidal 
fissure is the morphological demarcation between the middle and the posterior lobes. 
To summarise it may be said that the inferior vermis is divided into nodule, uvula 
pyramid and the lobutus luberis in order from before backwards. 

Cerebellar hemisphere. Inferior surface . The subdivisions of this surface of the 
hemisphere is not regular in conformity with the subdivisions of the inferior vermis 
as is found with the superior vermis and the superior surface of the cerebellum. Most 
of this surface of the hemisphere is formed by the lower part of the ansiform lobule , a 
small part by the tonsillar lobe (Torsil), the floccule and iheparafloccule. 

Extending from the nodule of the inferior veimls laterally and connected by a 
stalk, the inferior medullary velum, is the floccule which is a small foliated lobule 
. which lies close to the anterior margin of the cerebellum immediately below the 
middle cerebellar peduncle. The two flocculi together with the nodule of the 
inferior vermis constitute the flocculo-nodular lobe, which is the oldest part morpho- 
logically. On either side of the uvula but not continuous with it is a small foliated 
oval mass known as the tonsil or the paramedian lobule. The latter is separated from 
t the uvula by the sulcus valleculi and from the rest of the inferior surface which forms 
the lower part of the ansiform lobule by a deep fissure known as the retrotonsillar fissure. 
Closely attached to the postero-lateral aspect of the flocculus is a very small, lobule 
known as the parafloeculus which usually forms a vestigial structure in man but it 
becomes very much well developed in aquatic animals. 

! Before going to deal with the morphology of the cerebellum the anatomical 
| lobes and fissures are summarised as below: 


Cerebellum (subdivisions) 


Vermis Hemisphere 


Superior vermis Inferior vermis 


Lingula Central Culmen Vermis folium or Nodule Uvula Pyramid Lobulu* 
lobule Jobulus folii , tuberi 


(1) ala 

Superior (2) Anterior lunate lobule 
surface (3) Posterior lunate lobule 

(4) Ansiform lobule (upper part) 


ril) Tonsil 

Lower surface 1 (2) Flocculus 

1(3) Ansiform lobule 


Fissures 

1 


Horizontal fissure (11 Precentral 

Superior (2/ Postcentral 

surface (3) Tisum prima 

(4) Fondiva! fissure 


f(ll Postnodular fissure 

I (2) Fissure between uvula and 

Lower J pyramid 

surface j (3) Suprapyramidal fissure or 

1 fissura sccunda 

1.(41 Retrotonsillar fissure 


Morphology and development of Ike cerebellum . The cerebellum develops from two 
cerebellar rudiments, one on each side, derived from the proliferation at the cells of 
the mantle zone of the alar lamina from its dorsal edge. 

The terminal nucleus of the vestibular nerve is in close relation with these rudi- 
ments and it may be seen that the)' (the primary rudiment) appear as an extension of. 
the vestibular nerve nucleus and therefore the developing cerebellum is brought 
65. 
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primarily into the functional concern of equilibration. The cerebellar rudimeRt 
first appear during the second month of foetal life and grow rapidly due to excessive 
proliferation of the cells of the mantle zone and some of the cells from the median 
plane in the root plate connecting the two rudiments, and thus a cord of cells grows la 
the roof plate which connects the two cerebellar rudiments together. The cerebellar 
rudiments together with the connecting cord of cells become dumble-shapcd and 
acquire a horizontal position dorsally due to accentuation of the pontine flexure. 
During the third month of intrauterine life they bulge out considerably and give rise 
to the formation of the hemispheres. With further growth, the cerebellum gradually 
develops into its adult for m due to its acquiring newer connections from the develop^ 
ing medulla spinalis and the brain. 



As the primary cerebellar nodules are the extension of the vestibular nucleus so 
the first st?ge or development is the formation of the “vestibular cerebellum” in 
which equilibration becomes the main concern and it consists of a median portion 
with two lateral bulgings. The lateral bulging is the flocculus. Subsequently with 
the developments of the limb muscles it becomes necessary to bring them under 
cercbell’T control, and therefore, the spinocerebellar tracts appear which invade into 
the developing cerebellum carrying proprioceptive impulses from the muscles to the 
latter. Thus the cerebellum becomes competent to discharge regulatory influences 
in maintaining postural tone of the muscles in response to proprioceptive impulses 
Horn them. With the invasion of the spinocerebellar tract a new functional unit 
is formed within the cerebellum which may be called the "spinal cerebellum”. 
The spinal cerebellum appears in the middle of the older vestibular cerebellum 
and divides the latter into a small anterior median part, the ling da, a posterior median 
part, the mdu'e, and two lateral portions, th oflocculi on the each side. Posterolateral 
to the flocculus the rudimentary lateral expansion of the spina! cerebellum forms the 
parqflocculus. _ Later on. with the increased domination by the cerebral cortex, the 
cerebellum is also brought under its control by cerebro-pontinc, ponto-cerebellar 
fibres which invade into the middle of the vestibulo-spinal cerebellum and give rise 
to the formation of the Ivbus nudius in the cerebellum. The Iobus medius consists 
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The post-calcarine sulcus lies in the medial surface and begins from the 
occipital pole from where it descends downwards to join with the parieto-occipital 



sulcus and then runs forwards and downwards into the inferior surface- The portion 
of the brain lying in between the calcarine and parieto-occipital sulci constitutes 

SULCUS C1NGUU 

SULCUS CENTRALIS (ROLANOl) 

SULCUS CORPORIS CALLOSI 


SULCUS 

'AROLFACTOR1US 

ANTERIOR 


fUSSURA CALCARINA 



fISSURA COL LATERALIS 


BSSURA HIPPOCAMPI 


SULCUS TEMPORAUS INFERIOR 


the cvneus of the occipital lobe and that below the calcarine sulcus is known as the 
lingual gyrus. 

The anterior part of the medial surface is divided into an outer zone and an 
inner zone by means of a curved sulcus, the sulcus cingulL The outer zone is divided 
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into larger anterior part which forms the medial frontal gyrus and a smaller posterior 
part which forms the paracentral lobule, by means of a vertical sulcus which ascends 
upwards from the sulcus singuli opposite the middle of the corpus callosum to the 
superomedial margin. The inner zone fonts an arched gyrus, the gyrus singuli, which 
passes around the corpus callosum. The portion or the brain lying in between the 
upturned end of the sulcus singuli and parieto-occipital sulcus iscalled the pre-cuncus. 

The sulci and gyri on the inferior surface. The inferior surface is divided 
into orbital and tentorial surfaces. The orbital surface close to the medial lxirder 
presents an antcro-posterior sulcus known as the olfactory sulcus which contains the 
olfactory bulb and tract. The short strip of cortex lying on the medial side of this 
sulcus is known as the gynis rectus. The remaining portion of the orbital surface 
is divided into four orbital gyri (lateral, medial, anterior, posterior) by means of 
a H-shaped sulcus. 

The lentonal surface is divided into hippocampal gyrus, and lateral and media! 
occipjto-tcmporal gyri by means of collateral sulcus and ocdpito-tcmporal sulcus. 
The collateral sulcus runs forwards from the occipital pole parallel to the calcarine 
sulcus and on its medial side there lies the hippocampal gyrus. The occipito- 
temporal sulcus lies on the lateral side of the collateral sulcus and the corresponding 
occipito-temporal gyrus lies on either side of it. 

The anterior portion of the hippocampal gyrus is curved on itself to form a 
globular swelling known as the uncus. It is separated from the temporal pole by 
means of a sulcus known as the rhinal sulcus which is often continuous with the anterior 
end of the collateral sulcus. 

THE FUNCTIONAL AREAS ON THE SURFACE OF THE BRAIN 

Precentral area. It includes the precentral gyrus and the posterior portions 
of the superior, middle and inferior frontal gyri. It is divided into two parts, larger 
anterior and smaller posterior parts, by passing a line through the precentral gyrus. 
The smaller posterior part gi\ es rise to the pyramidal fibres and are concerned in the 
volitional movement of muscles and this is grouped in this area from above down- 
wards as lower limb, trunk, upper limb, mouth, lips, tongue and larynx. The 
larger anterior part governs the actions of the posterior part and actual act of a par- 
ticular movement is performed by this area. As for example the flexion of the forearm 
requires the movement of more than one muscle and these different muscles are put 
into action in one time so as to came the movement of flexion. 

Frontal area. The rest of the frontal lobe beyond the precentral area "is 
known as the frontal area or the silent area of the brain. This area is connected with 
visual, auditory, and sensory areas by means of different association fibres. It is 
also connected with the thalamus by itinerant fibres. Functionally it analyses 
different afferent impulses and controls the power of judgement, distinction between 
sorrows and pleasure, judgment between 'right and wrong, power of concentration, 
power of attention and pow er of intelligence. 

Post-central area. This area is included in the lower part of the post-central 
gyrus and is continued over the supero-medial margin into the adjoining part of the 
paracentral lobule. It is divided into two parts, anterior and posterior. The 
anterior part receives the afferent impulses from the different parts of the body 
whereas the posterior part stores up the experiences of older objects as in cases of 
senses of stcriognosis. 

Visual area. It consists of visuo-sensory area and visuo-psychic area. The 
visuo-sensory area is embedded in the walls of the calcarine sulcus and extends 
on to the surface of the cuneus above and the lingual gyrus below. It is the receiving 
centra for all kinds of visual impressions including the form, size, shape, colour, 
motion, illumination and transparency. 



THE NERVOUS SYSTEM 


102 ? 


of a central portion, the vermis and two lateral expansions, one on each side. Each 
lateral expansion is further subdivided into a larger ansiform labule and a smaller 
tonsillar or paramedian lobule. 

With the appearance of the lobus medius the developing cerebellum is naturally 
subdivided Into anterior, middle and posterior lobes. 1’he fissure between the 
anterior and the middle lobes is first to appear and hence it is called th& Jissura prima 
or the primary fissure. 'Other fissures appear later with further development. The 
suprapyramidal fissure forms the demarcation between the irnddle and the posterior 
lobes. 

Thus morphologically the cerebellum may be divided into anterior , middle and 
posterior lobes. The anterior lobe lies in front of the fissura prima and includes lingula, 
central lobule, oilmen monticuli , , alae, and anterior lunate lobule. The middle lobe lies 
behind the fissura prima and consists of lobulus cliii or clivus monticuli , lobulus folii or 
the folium vermis, posterior lunate lobule , the' ansiform lobule and the tuber vermis or the 
lobulus tuberis. The rest of the cerebellum is formed by the posterior lobe and is 
separated from the middle lobe by the suprapyramida; fissure. It includes the 
flocculo-nodular lobe , parqjhau'.us, the uvula and the pyramid. Given below in a tabular 
form are the morphological subdivisions of the cerebellum; 


Cerebellum (Morphological subdivisions) 


Anterior lobe 


I-IngTila Central Culmen 
lobule 


Anterior 

lunate 

lobule 


Lobul us elm Lobulus foil! Post-Lunate Lobulus Ansiform 
lobule Tubcro lobule 


Paradoccule Uvula Pyramid 


The cerebellar nuclei. There arc four deeply placed nuclear masses within 
the white matter of each cerebellar hemisphere namely the dentate nucleus, the nucleus 
embotiformis, the nucleus gbbosus and the nucleus fasligii or the roof nuclei. 

The dentate nucleus is the largest of all and is embedded in the midst of the white 
matter of each hemisphere. It resembles the olivary nucleus of the medulla oblongata 
and consists of corrugated lamina of grey matter which is folded to encapsulate a mass 
of white matter having a hilum or opening on its supero-medial side so as to give 
exit to the white matter which forms the dentalo-rubrothaimic fibre? and emerge 
out through the superior cerebellar pedui cle. 

The nucleus embolifomis forms a small lamina of grey matter which lies close to 
the medial aspect of the hilum of the dentate nucleus. 

T he nucleus globosus lies medial to the emboliformis nucleus at a deeper horizontal 
plane. 

The nucleus fasligii ts also called the roof nucleus. It lies within the vermis close 
to the median plane and therefore each nucleus is very closely related to the fellow 
of Us opposite side. It gives rise to fibres which form the fastigio-bulbar tract, a 
small efferent pathway from the cerebellum. The fastigio-bulbar tract emerges 
out through the restiform body and ends mostly in the formario reticularis of the 
pons and medulla and partly in the vestibular nuclei. 

Thus it appears that die cerebellar nuclei are embedded in the white matter 
of each hemisphere in a definite order and their arrangement, in order from lateral 
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to medial side, is dentate nucleus, nucleus emboli formis, nucleus globosus and the 
nucleus fastigii. 

Phylogcnitically, that is, if we trace back the evolutionary history of the cere- 
bellum it is found that the first part of the organ to develop, in the animal scries, is 
the vestibular cerebellum or archiccrebeltum which is mainly concerned with equili- 
bration. With further progress in the evolution, the subject, whose muscular system 
requires more control than simple equilibration for co-ordinated movement, 
13 endowed with the paleoccrebellum or the muscle-joint-tendon cerebellum or the 
spinal cerebellum. With the development of the cerebrum the neocerchellura 
develops for endowing the muscular system of the body with the cerebro-cerebcllar 
influences which offer newer qualities to the muscular system so that they can 
adapt themselves for skilled, discriminative and labile activity. With gradual 
progression, the growth of evolutionary older parts or the cerebellum becomes 
suppressed by the over-growth of the newer parts, thus the paleoccrebellum is larger 
than the archiccrcbellum while the neoccrebellum is the largest of all. 

Thus phylogcniticaliy the cerebellum can be divided into archicerebeltum, 
paleoccrebellum and the neoccrebellum. 

The archicerebellum. The archicerebellum or the vestibular cerebellum is 
the smallest unit of the cerebellum and consists of nodule, flocculi, uvula and lingula. 

Connections. It receives afferent fibres from the vestibular nerve of the same 
side mostly and a few only from the opposite side. The vestibular fibres reach it 
both directly as well as indirectly by relay fibres through superior and lateral (Ddtcrs) 
vestibular nuclei. The cerebellar nucleus in connection with the archiccrcbellum 
is the fastigial nucleus. The efferent fibres from the archicerebellum pass mostly 
to the fastigial nucleus, the relay fibres from which, form the fastigio-bulbar trad which 
also receives some fibres directly from the archicerebellum. The fibres from the 
fastigio-bulbar tract pass partly through the superior and partly through inferior 
cerebellar peduncles to the vestibular nuclei and reticular formation. Thus it 
becomes apparent that the archicerebellum forms a part of a circuit through which 
the impulses from the vestibular nerve nuclei are mediated, possibly with modi- 
fications, to the fastigial nucleus and then back to the vestibular nuclei. 

The paleoccrebellum. The paleoccrebellum or the muscle-joint-tendon cere- 
bellum or the spinal cerebellum is larger than the archicerebellum but smaller than 
the neoccrebellum. It occupies mostly the rostral two-thirds of the dorsal surface 
and consists of lingula, lobus centralis, ala, culmcn, declive, quadrangular lobule, 
and the uvula and the pyramid on the ventral aspect. 

Connections . It receives afferent fibres from the spinal cord (through dorsal and 
ventral spino-ccrebellar tracts), cxtrapyramidal system and basal ganglia (through 
olive), lateral reticular nucleus and the arcuate nucleus and from the dorsal funiculus- 
arcuate-fibres system. Except the dorsal spino-cerebellar tract which enters into it 
through the superior cerebellar peduncle all the other fibres enter into it through the 
inferior cerebellar peduncle. 

The efferent fibres from the paleocerebellum after being mediated through the 
dentate nucleus and the globose and emboliform nuclei constitute the great efferent 
pathway from the cerebellum w hich passes through the superior cerebellar peduncle 
(brachium conjunctivum) to the mid-brain in the red nucleus, Trom the latter, 
fibres form the rubro-spinal tract which relays ‘in the medulla spinalis. 

The neocercbellum. The neoccrebellum or the “cercbro” cerebellum 
develops in association with the cerebrum. This is the largest of the three functional 
regions or the cerebellum and forms about 2/3rds or it. It extends from the posterior 
quadrangular lobes, to the tonsil. 

Connections. It receives off. rent fbres from almost all parts of the cerebral cortex. 
The two descending tracts from the cerebrum, tlic fronto-ponto-cerebellar and tem- 
poropon to-cerebe!lar tracts descend through the cerebral peduncle and lie on cither 
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e of the pyramidal tract, the fronto-ponto- cerebellar tract lying on the medial side 
d end by relaying on the nuclei pontis. Relay fibres from* there pass through the 
rachtum pontis) middle cerebellar peduncle to the ncoccrebellar cortex. 



Kg. Oil.* The appearance of a Fig. 812 The'Iow power view of the cerebellum. 

TurWngt'i cell of Inc cerebellum. (Micropholograph). 



Kg. 813. The ht-rh power view of the cerebellum- 
. ■ ' (Microphatograpli). • • 

The ncocerebellar discharges pass through its efferent fibres which negotiates • 
t to the cerebellar nuclei, mainly the dentate nucleus, and relay fibres from there , 
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pass through the superior cerebellar peduncle and terminate by relays mainly to the 
ventrolateral nucleus of the thalamus and partly to the red nucleus and reticular 
formation. Some of these fibres may even pass to the medulla spinalis. Relay fibres 
from the thalamus spread to the motor region of the cerebral cortex (Areas 4and6), 

Tims it appears that die cerebrum negotiates its plan of action to the cerebellum 
through corona radiata, internal capsule, cerebral peduncle, nucleus pontis,. and 
middle cerebellar peduncle, and the cerebelhim keeping in touch with the vestibule 
and the medulla spinal's reviews the plan, utilises its wisdom about its own part of the 
responsibility in the execution of the plan and then sends it back to the cerebrum via 
dentate nudeus, superior cercbdlar peduncle, thalamus, internal capsule and corona- 
radiata. 

Functions of the cerebellum. The functions of the cerebellum are known from 
various conditions of disorders of the organ. All signs and symptoms due to disorders 
of the cerebellum are manifested by the disorder of the motor system and can be 
grouped under two main headings namely, ataxia and asynergia. Ataxia means inabi- 
lity to localise the body parts in space correctly or loss of sense of position of the body 
whereas asynergia means inability to make muscles work together either in groups 
or in sequences. As it is universally accpetcd that no sensory consdousness resides 
in the cerebellum, the condition of ataxia, through a manifestation of the cerebellar 
lesion, may be attributable to the involvement of some common pathway to cerebellum 
and other conscious centres (thalamus and cerebrum). 

The manifestations under the heading "asynergia” are the following: 

(a) Atonia— meaning loss of tone of the muscles. 

(b) Asthenia— denotes weakness of muscular actions with a tendency to rapid 
fatigue. 

(c) Adiadokinesis or dysdiadokinesis — inability to perform supination ar.d 
ptonation in proper sequence. 

THE MID-BRAIN 

The mid-brain is the shortest segment of the brain measuring about 2 cm. in 
length. It connects the sub-thalamic region and the cerebral hemispheres with the 
pons and the cerebellum. 

It. consists of a ventral portion and a dorsal portion, separated from each other 
in its interior by the aqueduct of the mid-brair. The ventral portion comprises of 
the cerebral peduncles while the dorsal portion consists of the quadrigeminal bodies 
or in otl.erword, the tectum. 

The cerebral peduncles. The cerebral peduncles are two in number, each 
arising upwards and laterally from the upper surface of the pons on each side of the 
median plane. As they pass upwards, they diverge from each other so as to enclose 
a space between them, the interpeduncular fossa. A thin band of white subs- 
tances, the taenia pontis, winds round each peduncle close to its attachment with the 
pons and then enters the cerebellum between the middle and superior cerebellar 
peduncles. 

The ventral surface or each cerebral peduncle is crossed from medial to lateral 
side by the superior cerebellar and posterior cerebral arteries. Anteriorly close to 
its disappearance into the cerebral hemispheres it is embranced by the optic tract 
from before backwards. The medial surface of each peduncle presents a furrow, 
the medial sul us, through which the oculomotor nerve emerges. Its lateral surface 
also presents a furrow, the lateral sulcus, through which the fibres of the. lateral 
lemniscus come out to pass into the inferior quadrigeminal body and the inferior 
brachium. 

In a transverse section through the peduncle it is found to contain a semilunar- 
shaped pigmented area, the substantia nigra, which divides each peduncle into a 
ventral part and a dorsal part. The ventral part is known as the base of the cerebral 
peduncle while the dorsal part as the tegmentum. 
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The base of the cerebral peduncle contains only the white fibres, consisting 
of cerebro-spinal and cerebro-pontine fibres. 

The tegmentum is composed of a reticulum of longitudinal and transverse 
fibres and a considerable number of nerve cells. The nerve cells in the central part 
are aggregated together to form red nucleus while those around the aqueduct give 
origin to the third and fourth cranial nerves. Lying lateral to these is the upper 



nucleus of the fifth cranial nerve. The chief groups of fibres are (1) superior cere- 
bellar peduncles, (2) medial lemniscus, (3) lateral lemniscus, (4) tecto-spinal tract, 
(51 medial longitudinal fasciculus, (6) mesencephalic root of the fifth nerve, and 
(8) paUido-rubro-olivary tract. For connections of the red nucleus see the accom- 
panying diagram. 

The tectum or the quadrigeminal bodies. The tectum or the quadrige- 
minal bodies occupy the posterior part of the mid-brain and consist of four rounded 
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eminences, separated from each other by a cruciform sulcus. They are placed above 
the superior medullary velum and below the third ventricle and the posterior 
commissure. They are overhung by the splcnium of the corpus callosum and to a 
small extent by the pulvinar of the thalamus. 

The vertical limb of the cruciform sulcus expands above to form a dimple into 
which the pineal body rests and its lower end forms a ridge-like elevation, the frenu- 
lum, on cither side of which the trochlear nerve emerges. 

Of the four eminences the upper pair is called the superior quadrigeminal bodies 
and the lower, the inferior quadrigeminal bodies. Extending upwards and laterally 
from the lateral side of each quadrigeminal body there is an elevated white band , 
known as the brachivm. The sup-rior brachium extends from the superior qua- 
drigeminal body to the lateral geniculate body; and the inferior brachium extends 
from the inferior quadrigeminal body to the medial geniculate body. 

The superior brachium conducts the optic tract fibres from the lateral geniculate 
body to the superior quadrigeminal body and the inferior brachium carries the 
auditory fibres from the inferior quadrigeminal body to the medial geniculate body, 

In structure the superior corpora quadrigemina consists of several layers of 
grey and white matter. The inferior quadrigeminal body consists of a central grey 
core with a white cortex. In function the superior pair serves as reflex centre for 
sight and the inferior ones as reflex centre for hearing. 

The aqueduct of the mid-brain. The aqueduct of the mid-brain is the tubular 
passage connecting the third and the fourth ventricles. Its roof is formed by the 
ouadrigeminal bodies and its floor and side walls are formed by the dorsal aspect of 
the cerebral peduncles. Internally it is lined by columnar ciliated epithelium, 
outside which is a thick layer of grey matter — the stratum gresium — continuous with 
the grey matter of the fourth ventricle. The oculomotor, trochlear, and part of 
the trigeminal nerves arise from this grey matter. 

The geniculate bodies. The geniculate bodies arc two in number— a medial 
and a lateral on each side. 

The medial geniculate body forms an oval elevation situated on the lateral side of 
the superior corpora quadrigemina and is overhung by the pulvinar of the thalamus. 
It is connected with the inferior quadrigeminal body by the inferior brachium 
through which it receives the auditory fibres. Relay fibres from this pass to the 
temporal lobe of the brain. The lateral geniculate body forms a low rounded eminence 
on the inferolateral aspect of the posterior end of the thalamus. It is connected with 
the superior quadrigeminal body by the superior brachium through which it sends 
out the optic tract fibres to it; the lateral geniculate body receives the majority of the 
optic tract fibres and gives rise to relay fibres which finally pass through the internal 
capsule to the cUneus of the occipital lobe. 


THE DIENCEPHALON 

The diencephalon is that portion of the central nervous system which intervenes 
between the cerebral hemispheres (telencephalon) above and the mid-brain (mesence- 
phalon) below. It consists of thalamus, epithalamus, metathalamus and hypo- 
thalamus. 

Thalamus. Thalami are two large, oval, convex cell-masses situated below the 
cerebral hemispheres and above the cerebral peduncles. They are obliquely placed 
in such a way that their anterior ends converge together whereas their posterior ends 
diverge from each other and as they diverge posteriorly they enclose a space between 
them known as the third ventricle. 

Each thalamus consists of anterior and posterior ends and four surfaces, namely 
superior, inferior, lateral and medial. 
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The superior surface slopes from above downwards and medially and Is over- 
lapped laterally by the caudate nucleus from which it is separated by the stria semicir- 
cularis, a narrow white band of fibres between the two and the thalamostriate vein. 
The rest of the superior surface is divided into a lateral and a medial area by a curved 
groove which lodges the posterior column of fornix. The lateral portion forms a 
part of the floor of the lateral ventricle whereas its medial portion is in relation with 
the tela chorioidea and the choroid plexus of the third ventricle. Its medial surface 
forms the lateral boundary of the third ventricle and is connected with the fellow of 
its opposite side by a band of fibres known as the conncxus interthalamicus. The 



medial surface is separated from the superior surface by a sharp margin formed by 
a white band of fibres known as stria habemtlaris. Between the posterior end of the 
stria habcnularis and the superior surface of the thalamus is a small triangular area 
known as trigonum habenulae. Its lateral surface is fiat and is separated from the 
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Ientiform nucleus by the fibres of the internal capsule. The iif.rior surface of the 
thalamus is directly continuous with the tegmentum of the mid-brain. 

The anterior end of the thalamus « directed towards the median plane and forms 
the anterior boundary of the interventricular foramen. 

The posterior end of the thalamus is more projecting and is known as the pulciw 
of the thalamus. It overhangs the superior quadrigeminal body and the superior 
brachium. On the infcrolateral aspcct.of the pulvinar there is a low rounded eleva- 
tion known as the lateral geniculate body. 

Jnfcro-medially it is separated from a more prominent rounded body known 
as the medial geniculate body. 

Connections of the thalamus. The three nuclei (anterior, lateral and medial}, 
of which the thalamus is composed of, receive majority of the sensory fibres from the 
different parts of the body through different tracts wlii h constitute its afferent 
connections and give rise to fresh fibres which go to the cerebral cortex, and to the 
caudate and the ientiform nuclei constituting its efferent connections. 

Afferent tracts — 

(1) Medial lemniscus (upward continuation of the column of gall and Budach), 
carries deep or proprioceptic and discriminative thermal and pain sensations. 

(2) Spinal lemniscus (upward continuation of the spinothalamic and spino- 
tectal tracts) carries pain, heat, cold and touch sensations. 

(3) Trigeminal lemniscus carries all sorts of sensations from the trigeminal areas. 

(4) Sensory visceral fibres from the hypothalamus. 

(5) Matnillo-thalamic tract carrying olfactory sensations. 

(6) Cerebellar efferent fibres through the superior cerebellar peduncle of the 
opposite side. 

(7) Rubro-lhalamic tract fibres of the same side. 

(8) Cortico-thalamic tract fibres from the different areas of the cerebral hemis- 
pheres. x 

Off rent fibres of th' thalamus ■ — 

(1) Thalamo-cortical fibres which are distributed to the post-central area and 
to other areas on the surface of the cerebral hemisphere. 

(2) Efferent fibres to the caudate nucleus. 

(3) Efferent fibres to the puiamen of the Ientiform nucleus. 

Functional significance of the thalamus. From the above afferent and 
efferent connections it is dear that the thalamus forms the important relay station 
for all sorts of sensory impulses except the visual and auditory fibres and thereby 
establishes impoitant correlations between different types of sensations. 

Compared to the postal service the thalamus is the R. M. S. (Royal Mail Service) 
of sensory impulses where they are analysed, correlated with different areas and 
finally are despatched to their respective destinations. Some of the cruder sensory 
impulses are short-circuited by it and thus it acts as an important sensory reflex 
centre. 


THE THIRD VENTRICLE OF THE BRAIN 

The third ventride of the brain is a somewhat triangular recess between the 
two tfialami with its apex directed 4 downwards. It has got a roof, a floor, an 
anterior and a posterior boundary and two lateral walls. 

The roof is formed by a layer of ependyma which stretdies between the upper 
edges of the lateral walls of the cavity and is continuous with the ependymal lining 
of the ventride. Superiorly the roof is covered by a layer of pm mater, the tela 
chorioidea of the third ventricle under cover of which there lies the choroid plexus 
of the same. , 
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The floor slopes downwards and forwards and is formed from before backwards 
by the optic chiasma, the infundibulum and tuber cinereum, corpora marailiaria, 
posterior perforated substance and .tegmenta of the peduncles. 

The anterior 'wall is formed by the lamina terminalis, anterior column of 
fornix and the anterior commissure-. At the junction of roof with the anterior and 
lateral walls of the ventricle is t\ie interventricular foramen through which the third 
and lateral ventricles communicate with each other. 

The posterior wall is formed by the pineal tody, the posterior commissure 
and the aqueduct of the mid-brain. 

The lateral wall of the third ventri lc consists of an upper and a lower portion. 
The upper portion is formed by the medial surface of the anterior two-thirds of the 
thalamus and the lower portion is formed by the hypothalamus. The upper and the 
lower portions of the lateral wall are separated from each other by the hypothalamic 
sulcus which curves from the interventricular foramen to the aqueduct of the mid- 
brain. The two lateral walls are connected to each other across the cavity of the 
ventricle by a band of grey matter called the eonnexus in'e/thalamicus. 

The cavity of the third ventricle is not self-contained within its boundary 
limits but it projects into blind diverticula from its walls to form small recesses. On 
the floor the cavity” prolongs into the infundibulum forming the infuniilular recess. 
On the anterior wall there arc two recesses, one over the optic chiasma known as the 
optic recess and the other in between the anterior column of fornix and the anterior 
commissure known as vulya . On the posterior wall there lies a recess within the 
stalk of the pineal body known as the pineal recess and above that there is a second 
recess known as the suprapineal recess. 

Communications — 

(1) It communicates with the lateral ventricles by means of interventricular 
foramen. 

(2) With fourth ventricle by aqueduct of the mid-brain. 

The third ventricle contains the cerebro-spinal fluid which circulates into 
different ventricular cavities by its openings of communication. 

Epithalamus. It consists of pineal body, stria habenularis and the trigonum 
habenulae. 

Pineal body. It is a small oval body reddish-grey in colour and is situated in the 
depression between the two superior quadrigeminal bodies opposite the median 
plane. It measures about one-third inch in length and about one-sixth inch in 
thickness and is evagmated by a fold of pia mater. Posteriorly it forms a blunt 
extremity whereas anteriorly it is connected to the posterior wall of the third ventricle 
by a narrow stalk. The stalk consists of two laminae in between which it contains a 
space, the pineal recess of the third ventricle. The superior lamina of the stalk 
splits into two diverging processes which are continuous with the stria habenularis. 
Its inferior lamina curves downwards to the posterior commissure. Superiorly the 
pineal body is overhung by the splenium of the corpus callosum and is related to the 
great cerebral vein ‘and the suprapineal recess. Inferiorly it rests on the upper 
depressed area of the crusilbrm sulcus in between the two superior quadrigeminal 
bodies. 

Structurally it is devoid of any nervous elements and is composed of epithcloid- 
like cells arranged in the form of lobules. 

Stria habenularis. It is a narrow’ band of fibres _ which are derived from the 
anterior perforated substance, olfactory tract and from the hippocampus through the 
fornix. 1 1 courses along the-medial margin of the thalamus and reaching its posterior 
part it descends downwards and ends in the habenular nucleus of the same and of the 
opposite sides situated at the trigonum habenulae. Posteriorly some of its medial 
fibres are continuous with the superior lamina of the stalk of the pineal body. The 


1036 


HUMAN ANATOMY 


fibres which pass to the opposite side cross in the median plane with the fellow of the 
opposite side and form the habenular commissure. 

Trigmrn habenulae. It is a small triangular depressed area which overlies the 
habenular nucleus and is bounded laterally by the thalamus, medially by the pos- 
terior part of the stria habenularis and posteriorly by a groove' separating it from the 
superior quadrigeminal body. — 

Matathalamus. It consists of geniculate bodies and has already been des- 
cribed. 

Hypothalamus. It includes (1) the sub-thalamic tegmental region, (2) the 
structures which form the floor of the third ventricle, that is, the posterior perforated 
substance, the corpora mamillaria, tuber cinereum, infundibulum, hypophysis cerebri 
and optic chiasma, (3) the anterior part of the lateral wall or the third ventricle 
below and in front of the thalamus and (4) the hypo-thalamic unclei. 

Hypothalamic nuclei. ‘Hypothalamic nuclei which are situated on die 
lateral wall of the third ventricle below the hypothalamic sulcus are believed to be 
important controlling and regulating centre for the visceral activities. They consist 
of supra-optic nucleus, posterior hypothalamic and lateral hypothalamic nuclei. 

The supra-optic nucleus lies close to the ventricular surface of the optic chiasma 
and gives out efferent fibres which pass to supply the posterior lobe of the pituitary 
body along the infundibulum and control the antidiurctic activities of the posterior 
lobe* of the pituitary body. Section of these fibres destroys the antidiuretic action of 
the posterior lobe and causes a condition known as diabetes insipidus in which there 
is excessive polyuria without glycosuria. 

Posterior hypothalamic nucleus lies immediately on the lateral wall of the third 
ventricle above the corpora mamillaria and is regarded as the higher centre for the 
sympathetic nervous system. 

Lateral hypothalamic nucleus. It lies in front of the posterior hypothalamic nucleus 
on a deeper plane and is regarded as the higher centre for the para-sympathetic 
nervous system. 

In addition to the above centres the hypothalamic region is believed to contain 
heat-regulating centre and the centre for sleep. 

Mamillary bodies. The mamillary bodies are two in number and arc placed 
in front of the posterior perforated substance and on either side of the median plane 
on the floor of the Hurd ventricle. Each resembles a pea in appearance and consists 
of an outer white matter and an inner greymatter. The white matter comprises of the 
fibres derived from the anterior column of fornix and they partly end into the inner 
grey matter. The grey matter which forms its nucleus gives rise to fibres w'hichform 
the mamillo-ihalamic and mamilio-tegmental tracts. The former ends into the 
anterior nucleus of the thalamus while the latter ends in the tegmentum of the mid- 
brain. 

Tuber cinereum. It forms a collection of grey matter and makes a low 
rounded elevation which is bounded in front by the optic chiasma, behind by the 
mamillary bodies and laterally by the anterior portion of the optic tract. From its 
anterior part the infundibulum of die hypophysis cerebri descends through the 
diaphragm sellae. 


THE CEREBRAL HEMISPHEB.ES 

Each cerebral hemisphere has got three surfaces : supero-lateral, medial and 
inferior; four borders: supero-medial, infero-lateral, medial occipital and orbital; 
and two poles or ends : frontal and occipital. 

The supero-lateral surface is convex in adaptation to the concavity of the vault of 
the cranium. - - 
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The medial surface is flat and vertical and is separated from that of the opposite 
side by the falx cerebri. 

The inferior surface is of irregular form and may be divided into two parts, orbital 
and tentorial. The orbital surface is formed by the orbital surface of the frontal lobe 
of the brain. It is concave and rests on the roof of the orbit and nose. The tentorial 
surface is concavoconvex and is formed by the undersurface of the temporal and 
occipital lobes. It rests on the middle cranial fossa and the tentorium cerebelli. 

The supero-tnedial border separates the supero-lateral from the medial surface. 
The infero-lateral border separates the supero-lateral from the inferior surface. Its 
anterior part separates the supero-Jateral from the orbital surface and is called the 
superciliary border. The medial occipital border separates the medial from the 
tentorial surface while the medial orbital separating the medial from the orbital 
surface. 

The anterior end of the hemisphere is known as the frontal pole while the posterior 
end as the occipital pole . The anterior end of the temporal lobe is known as the tem- 
poral pole. 

The subdivisions of the cerebral hemisphere. Each cerebral hemisphere 
J is subdivided into four lobes : frontal, parietal, occipital and temporal. 

' The frontal lobe constitutes the anterior part of the cerebral hemisphere and 
comprises of the whole of the area which lies in front of the central sulcus and above 
the lateral sulcus. It is limited above by the supero-medial border and below and 
in front by the superciliary border. 

The parietal lobe is bounded in front by the central sulcus and behind by a line 
joining the pre-occipital notch, which lies on the infero-lateral border about 5 cm. 
in form of the occipital pole, to the parieto-occipital notch, which cuts the 
5 supero-medial border about 5 cm. in front of the occipital pole. Above, it is limited 
by the supero-medial border and below by the posterior ramus of the lateral sulcus 
and by a line drawn backwards to the posterior boundary from the point where the 
posterior ramus of the lateral sulcus turns upwards. 

The occipital lobe comprises the portion of the brain which lies behind the line 
joining the parieto-occipital to the pre-occipital notch, 
f ^ The temporal lobe is bounded above and in front by the lateral sulcus, below by the 
f infero-lateral border and posteriorly by the line joining the pre-occipital to the parieto- 
occipital notch. 

If THE SULCI AND GYRI ON THE SUPERO-LATERAL SURFACE 

1 The lateral sulcus. It begins as a short stem on the inferior surface at the 

; lateral side of the anterior perforated substance and passes forwards and laterally 
I between the temporal pole and the orbital surface and then reaches the supero- 
j lateral surface where it divides into three limbs or rami, anterior horizontal, anterior 
| ascending, and posterior ramus. The anterior horizontal ramus runs forwards for 
l about 2*5 cm. into the inferior frontal gyrus. The anterior ascending ramus passes 
j upwards for about the same distance into the inferior frontal gyrus. The posterior 
' ramus is the largest and measures about 7 cm. is length, passes upwards and 
« backwards and ends in an upturned end which projects into the parietal lobe. The 
j lateral sulcus contains the middle cerebral vessels and at the bottom of the sulcus 
l there lies the insular cortex. 

I The central sulcus. It begins in the supero-medial margin I '2 cm. behind 
the mid-point between the frontal and occipital poles and descends downwards and 
i forwards to the upper part of the posterior ramus of the lateral sulcus from which it is 
| separated by means of an arched gyrus. It is the admirable example oflimiting sulcus 
| and separates the pre-central area in front from the post-central area behind. 

The frontal lobe. The frontal lobe of the brain consists of pre-central gyrus, 
lying in front of the central sulcus and behind the pre-central sulcus, and superior. 
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middle and inferior frontal gyri separated from one another by means of two antero- 
posterior sulci, superior and inferior frontal sulci. 



■ T^ e . P ai ‘* eta I Ipbe. ^ consists of post-central gyrus, and superior and inferior 
panetal lobules. The post-central gyrus lies behind the central sulcus and in front 
j : T , ® st * ccn V' a ‘ Smcus which runs parallel to the central sulcus. The superior 
and inferior parietal lobules are separated from each other by the intra-parietal sulcus 
winch runs backwards from the upper part of the post-central sulcus. 

_ - ™etcmporal lobe. It is divided into superior, middle and inferior temporal 
g>n by means of superior and inferior temporal sulci. 

«i.^^ C f pital ? 0 V C ;. transv ene occipital sulcus runs downwards from the 
supero-medial margin behind the paneto-occipital sulcus. It is joined in the middle 
by the intraparietal sulcus. Tlie lateral occipital sulcus which runs antero-posteriorly 
£?• j .u . * hC transvc . rs = occipital sulcus which runs antero-posteriorly and lies 
belund the transverse occipital sulcus, divides the rest of the occipital lobe into 
"P cn °r , inferior occipital gyri. The lunate sulcus is vertically disposed opposite 
the occipital pole and is joined by the post-calcarine sulcus to form a “T’\ 


THE SULCI AND GYRI ON THE MEDIAL SURFACE 

. _'^ 1C P a ntt°-ocdpitaI sulcus. It lies on the posterior part of the medial 
suriace and begins in the supero-medial margin about 5 cm. in front of the occipital 
acme angfe” CCndS dowmvards and f®™ 3 ” 15 ‘o join the calcarine sulcu3 at an 
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The visuo-psychic area surrounds the visuo-sensory area. Recognition and 
identification of objects are possible due to the presence of this area. It stores up the 
experiences of older objects. 

Auditory area. It consists of audito-sensory and audito-psychic areas. The 
audito-sensory area consists of the transverse temporal gyri and a part of the superior 
temporal gyrus. All kinds of auditory impressions including the loudness, pitch, 
and quality are received in this area. 

The audito-psychic area includes the remainder of the temporal lobe. This 
area maintains the function of interpretation of different auditory impressions as 
regards their probable source and origin by association with past experience. 

Parietal area. This is included in the parietal lobe of the cerebral hemisphere 
and owing to its closer approximation with the different sensory areas it establishes 
associations with these areas so as to bring a perfection in the matter of appreciations 
of different sensory impulses. 

Pyriform area. This area receives the olfactory neurons of the second order 
and gives origin to the olfactory neurons of the third order which pass into the 
; hippocampal formation. It is concerned in the conduction of the olfactory sensation, 

* • i.e., different kinds of smell sensations. 

Besides these areas there is insular area which is embedded in the insular cortex 
and no definite functions are known to be attributed to it up till now. 



j Fig. 819. The superolateral surface of the cerebrum showing the gyri and representation of 
' the body parts in relation to the motor and sensory areas of the body. With fcind 

l permission from Callander: Surgical Anatomy W. B. Saunder’s 

I 1 Company, Philadelphia and London. 

Recent subdivisions of areas on the brain on the basis of its cytologi* 
; cal characters. As a result of different experiments and careful consideration of 
| the histological features of the cerebral cortex, it has been found that cytologically 
j distinct areas on the surface of the brain have distinctive functions and accordingly 
f it has been subdivided into the following areas which differ from one another in 
^ thetr cytology as well as in their functions. 

} C6 
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Motor areas. These are the areas on the surface of the brain which on stimula- 
tion result in precise muscular movements. It has been proved by experiment that 
arca% 4, 6, 8, 22, 19 and 5 are the motor areas on the surface of the brain and ol 
these the area 4 forms the primary motor area. 

Area 4 This comprises of the Betz-cell area and is entirely motor in function. 
It occupies the anterior lip of the central sulcus (Rolandic fissure) which •* formed 
In the postcrioi part of the prc-central gyrus. The cells of this area give origin to 
axons which lorm the pyramidal tract. 

Area fi. This is also called the pre-motor area and occupies the greater part ol 
i he pic-central gyrus, i.e., the portion of the pre-central gyrus that lies in front ol 
die area 4. Its cells are connected with the area 4 and they give rise to axons some 
of which join in the pyramidal tract, some with the extrapyramidal system and some 
ol them arc concerned with the musculature of the mouth and respiration. The 
lower part of area 6 (also known as areas 44 and 45), popularly known as Broca's 
aica is concerned with speech. Autonomic motor area is stated to be embedded 
in this area stimulation of which causes fluctuation of systolic blood pressure and 
i hanqes in the cardiac rate. 

Area 8. Thu is also largely extrapyramidal and is concerned with eye roovc- 
mem. It occupies the frontal field and corresponds to posterior part of inferior 
and the posterior part of lower half of middle frontal gyri. Stimulation of this 
area causes dilatation of the pupil, opening and closure of the upper eye lid and 
conjugate deviation of the eyes to the opposite side. 

Area 5. This area occupies the anterior part of superior parietal lobule and 
stimulation of this area causes the same effects as in area 22. 

Area 13 or cortical respiratory centre. Recent investigation has disclosed that 
(he area 13, situated in the posterior part of the medial orbital gyrus, controls the 
activities of the vagus and the respiratory movements. Stimulation of this area 
causes inhibition of the peristaltic movement of the gut as well as prompt arrest of 
respiratory movements. 

Sensory areas in the cortex. The different types of afferent impulses that 
reach the cortex have their particular area or areas on the surface of the brain which 
differ in their cytology and the following different sensory areas of distinctive function 
have been found on the basis of experimental works done on animal arid man as 
well. 

Areas 3, 1,2. These areas are confined to the post-central gyrus in order from 
before backwards and they receive most of the projections from the thalamus and 
are concerned in the perception of cutaneous and general kinacsthetic sensibility. 

Area 5. This area occupies the anterior part of the superior parietal lobule 
and is partly motor and mainly sensory in function. 

Area 7. "Hiis area is confined to the anterior part of the inferior parietal lobule 
and is also mainly sensory in function. 

Areas 41 and 42 or audito-sensory area. These areas are chiefly confined to 
the walls of the superior temporal gyrus hidden in the floor of the lateral sulcus and 
also extend, to a small extent, on the superficial margin of the same gyrus. The 
auditory impulses fiom the cochlea as sensations of sounds which vary •*> pitch, 
loudness anu quality reach these areas. They also receive vestibular impulses, 
although these impulses have more important relations to the cerebellum. 

The audito-sensory area of one side represents both sides of the auditory 
apparatus and consequently lesion on one side of this area does not cause deafness 
although there is some impairment or auditory acuity. Electrical stimulation of 
tliis area causes subjective noises in both ears. 

Area 22 or audito-psychic area. Tliis area occupies the middle and the inferior 
temporal gyri and is concerned with the appreciation of the significance of the sounds. 
In a right-handed person some portion of tliis area on the left side is also concerned 
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with the understanding of spoken speech. Stimulation of this area causes auditory 
hallucination and movement of the head to the opposite side. 

Area 17 or striate area or visual centre. This area is situated on the walls of 
the calcarine fissure and on section this area presents a conspicuous striations known 
as line of Gcnnari and can be easily seen in unaided eyes. Due to the presence of 
their striations this area atso called the striate area. It receives all kinds of visual 
impressions. 

Areas 18 and 19. The area 18 lies in the upper part of the occipital pole while 
the area 19 is situated in the posterior part of the inferior parietal lobule and in the 
adjoining parts of the temporal gyri. These areas are concerned with the association 
of visual and other impulses and it is here that the visual, tactile, and to a lesser 
extent, auditory impressions are co-related and are synthesised to form proper visual 
perception and appreciation. Injury’ to these areas results in loss of visual apprecia- 
tions in which mil ten or printed matters are not understood. 

Smell and taste centre. It is confined to the lower part of the post-central 
gyrus. Formerly it was believed that they are in the uncus and the anterior part 
of the hippocampal gyrus. 

The commissural fibres. The commissural fibres are those which connect 
the corresponding areas in the two cerebral hemispheres to each other. The corpus 
callosum is the largest of the commissural fibres and connects one cerebral hemisphere 
with the other. Anterior commissure connects olfactory bulb, olfactory pyramid, 
and pyriform area of one side with that of the other. Hippocampal commissure 
connects the two hippocampal formations to each other. 

Corpus callosum. It is the largest band of commissural fibres and forms a 
transverse arch which curves from before backwards in the middle line, between the 
cerebral hemispheres. It is about 4 inches long and its central portion is about one 
inch in breadth. It forms the floor of the longitudinal cerebral fissure and forms 
the roof, part of the floor and anterior wall of the lateral ventricle. It is thicker at 
the ends than in the middle of its extent. In front it turns downwards and back- 
wards upon itself, making a knee-shaped bend, the genu. Diminishing much in 
thickness and curving backwards on the upper surface of the lamina tcrminalis is 
the rostrum. The trunk of the corpus callosum arches backwards from the genu 
with an upward convexity and ends posteriorly into a thickened extremity called the 
splenium. 

The upper surface 6f the trunk and splenium and the anterior aspects of the 
genu are covered with a thin layer of grey matter known as indus'ium griseum, and 
in it are embedded two fine longitudinal bundles of fibres on each side which are 
termed the medial and lateral longitudinal striae. The splenium of the corpus 
callosum overhangs the pineal body, corpora quadrigemina and the pulvinar of the 
thalami. On each side of the median plane, the upper surface of the corpus callosum 
is overlapped by the gyrus cinguli. Inferiorly the trunk, posteriorly the genu and 
superiorly the rostrum, in the median plane, give attachment to the septum lucidum 
and form on each side of the median plane, the roof, anterior wall and floor of the 
lateral ventricle respectively. 

The fibres of the rostrum connect the orbital surface of the two frontal lobe. 
The fibre of the genu curve forwards and connect the lateral and medial surface 
of the two frontal lobe, constituting the forceps minor. The fibre of the trunk 
connect the wide cortical areas of one hemisphere with that of the other. Those 
fibres of the trunk and splenium which form the roof and the lateral wall of the 
posterior horn and the lateral swill of the inferior horn of the lateral ventricle, consti- 
tute the tapelum. The remaining fibres of the splenium curve baektvards and 
connect the two occipital lobes and form the forceps major. 

The association fibres. The association fibres are those which connect 
cortical areas of the same hemisphere to one another. They are of two kinds 
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(a) short association fibres connecting adjacentgyri to one another, (6) long association 
fibres connecting more widely separated gyri to one another. 

(a) Short association fibres connect the* adjacent gyri to one another and lie 
within or just beneath the cortex. 

(b) Long association fibres are grouped into bundles and are of considerable 
length and they are usually situated on a deeper plane. The following fasciculi may 
be distinguished. 

( 1) The uncinate fasciculus. It connects the gyri on the orbital surface of the 
frontal lobe with the anterior part of the temporal lobe. 

{2) The cingulum. These are long curved bundles and lie within the gyrus 
cinguli and so follow the curve of the gyrus. 

(3) Superior longitudinal fasciculus. This is the largest of all association bundles. 
It begins in the anterior part of the frontal region, arches backwards 
and upwards and connects the frontal lobe with the occipital and 
temporal lobes. 

(4) Fronlo-occipital fasciculus. This fasciculus begins in the frontal lobe and 
connects it with the occipital and temporal lobes. 

The itinerant fibres. The itinerant fibres are those nerve fibres which 
connect the cerebral cortex with the lower part of the brain and the spinal cord and 
include both corticofugal and corticopetal fibres. The fibres of the internal capsule 
are the best example of them. 



The internal capsule. It is a relatively thick lamina of white substances 
by means of which associations are established between the cortex of the hemisphere, 
its basal nuclei, the' lower part of the braTn'and the medulla spinalis. It is bent on 
itself with an outward concavity and lies between the caudate nucleus and the 
thalamus on the medial ride and die lentiform nucleus on the lateral side, but it 
extends both anterior and posterior to lentiiorm nucleus. It is continuous below 
with the cerebral peduncle (basis peduncub) and above with corona radiata. 

It is divided into four parts: an anterior limb (frontal part), genu, a posterior 
limb (occipital part) and a retro-Ientiform part. 
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: The anterior limb. It is interposed between the Icntiform nucleus on the lateral 

side and the head of the caudate nucleus on the medial' stdc~ It 'contains'The 
tbalamo.froiitai r fronto-thalamic_and fronto-pontine fibres which arise in the cortex 
of the frontaLnxca-a.nd.are relayed in the nuclei pontis; the other fibres are cortico- 
: nuclear and corticostriate. 

' Gant. It consists of fibres which convey motorjmpulses fromjthe motor area 
of the.cortcx.of the hemisphere to the nuclei or the nerves which supply the muscles 
of the eyes, head, mouth, tongue and larynx of the opposite side in order. 

Posterior limb. It is divided into anterior 2/3 and posterior 1,3. The anterior 2/3 
carries the motor.fibres to the nuclei of the nerves which supply the muscles of the neck, 

' upper limb, trunk and lou cr limb of the opposite side in order from before backwards. 
The posterior 1 /3 of the posterior limb carries majority of the sensory fibres conveying 
ordinary sensory impulses to the sensory areas on the cortexof the hemisphere and 
some of the motor-fibres (temjioro- pontine fibres) which arise in the cortex of the 
i temporal lobe and are relayed in the nuclei pontis and then carried to the opposite 
cerebellum, and cortico-thalamic fibres, which arise chiefly in the temporal and 
, occipital areas and pass to the lateral nucleus of the thalamus. 

* ftetro-Uniicular part. The fibres of the optic radiation occupy the anterior part 
and the .auditory radiation fibres occupy the posterior part of the retro-lenticular 
part of the internal capsule. 

The fornix. The fornix is the efferent pathways from the cells of the hippo- 
campal formation. The fibres of the cells of the hippocampus pass to its ventricular 
t surface where they form a layer of white fibres, termed the alveus. The fibres of the 
alveus converge on the medial margin of the hippocampus to form the fimbria from 
which the fornix commences as two riband-like bands. At first the two bands, one 
I on each side, wind round the posterior end of the thalamus and then converge 
together to meet in the middle line to form a triangular shaped mass of white matter, 
the body of the fornix. From the anterior end of the body, the two bands diverge 
from each other to end into the corresponding mamillary body. Thus we see that 
in the central part of their course in the median plane the bands unite to form 
the body of the fornix but remain separate both in front and behind as four columns, 
two anterior and two posterior. 

The two posterior columns of the fornix are closely applied to the undersurface 
of the corpus callosum and are connected to each other by transverse fibres which 
connect the two hippocampal formations to each other and constitute the hippo- 
campal commissure. 

The body of the fornix lies over the tela chorioidea and ependymal roof of the 
third ventricle. Above and posteriorly it is attached to the undersurface of the 
corpus callosum and above and anteriorly to the lower border of the septum Iuddum. 
Below and laterally it rests on the thalamus. 

The anterior column of fornix during its course to the corpus mamillare passes in 
I front of the interventricular foramen and behind the anterior commissure. 

The pyramidal tract. These fibres take origin from Betz's cells in the upper 
three-fourths of the pre-central convolution and from the adjacent para-central 
lobule. At their commencement they forma fan-shaped group of fibres which traverse 
the corona radiata and descending through the genu and the anterior two-thirds of 
the posterior limb of the internal capsule, they enter the central division of the 
basis pedunculf of the cerebral peduncles through which they pass to the basilar 
part of the pons and then to the pyramid of the medulla. At the lower limit of the 
medulla, the motor strand splits up into three groups of fibres; the chief group 
decussates at the bottom of the anterior median fissure with those of the opposite 
side and then descends as the lateral cerebrospinal tract . in the opposite lateral white 
column, ending around cells in the base of the posterior grey column. Fresh fibres 
j carry the impulses to the multipolar nerve cells of the anterior grey column. Another 
I group of fibres passes from the medulla to the anterior white column of the same 
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two white laminae it is divided into three parallel strands, medial, intermediate, 
2' and lateral. The medial and intermediate portions, have a paler colour, hence the 
’*• name global pallidas is applied to them. The lateral segment is darker and is called 
putamen. In front and below at the base of the cerebrum, the caudate and lenti- 
form nuclei are continuous with each olhtr and with the grey matter at the anterior 
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( Fig. 822, The connections of tbc corp 1 * 5 striatum. 

perforated substance. Laterally the lentiform nucleus is covered by a thick layer of 
j white substance, the external capsule , which separates it from the claustrum, a thick 
► layer of grey substance on the outer side of the external capsule. Medially it is 
separated from the caudate nucleus in Front, and thalamus behind, by the internal 
capsule. Round the anterior, superior and posterior margins the nucleus is related 
to the fibres of the corona radiata. Inferiorly it is grooved by the fibres of the 
anterior commissure and the lateral striate artery at first lies inferiorly and then on its 
lateral aspects before it pierces the substance of the nucleus. 

The caudate nucleus. The caudate nucleus is buried in the substance of the 
cerebral hemisphere and constitutes the intra-ventricular portion of the corpus 
[ striatum. It helps in the formation of the floor of the anterior horn and the floor 

^ of the body of the lateral ventricle and also the roof of the inferior horn of the 

| same. 
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Each caudate nucleus Forms an arched mass or grey matter and presents anteriorly 
a massive rounded projection known as the head of the caudate nucleus. From the 
head the nucleus gradually diminishes in size and constitutes its body and tail 
respectively. 



homcrfdKbmjt ca "'? a ," r °"P E^atcr part of the floor or the anterior 

Tt if reliiM »t™ . de and ,lu ?, surfac ' “ covered by the ventricular ependyma. 
It ls related a bove, to the corpus callosum. Laterally it is separated from the lenli- 

oTthe hrart1. b ^N.fl f o! 0r r lmb of '. h ' ,n,crni ‘ l capsule. Superiorly the margin 
fvith thrilody * d *° <h ' rronw ‘ <,ca P ,taI fasciculus. Posteriorly it is continuous 

ventrid? ' lifffff t,le “’’date nucleus forms the floor of the body of the lateral 
trfSf L J a,'l . S r c ! V rfaCe ” by ventricular ependyma and this 

iattfSlf itbfho ?! 'ft ai r° 5tnatC ™ 1 ‘ !,ria scmicircularis and the thalamus. 
pfstVrinfufit t. ™ '.' d *° th ' f ro “>»-»“tp‘taf fasciculus and the corona radiata. 
rostenorly it is continuous with the tail. 

horn If't he SerS^tfef lU *?u te i. nUcI ? US r ° nvaTd ' ™ die roofof the inferior 
hom of the lateral ventricle with the stria semicireularis on its medial side. As the 
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body curves downwards and forwards into the tail, it passes below the fibres of the 
corona radiata, putamen or the icntiform nucleus and the ansa lenticularis. 
Anteriorly the tail is continuous with the amygdaloid nucleus. 

The lateral ventricles. The lateral ventricles arc two irregular cavities, 
right and left, hollowed out in the substance of the cerebral hemispheres. They are 
placed side by side but are separated in the middle line by a thin, vertical partition, 
the septum lueidum. 

Each ventricle consists of a central part or body and three prolongations or 
recesses called the anterior, posterior and inferior cornua. 

The body of the lateral sentriclc extends from the inter-ventricular foramen to 
the splemum or the corpus callosum. It is deeper in front than behind and deeper 
near the middle line than at the sides, where the roof and the sloping floor meet and 
blend with the substance of the hemisphere. The body of the lateral ventricle is 
triangular in shape and has got a roof, a floor and a media! trail. The roof is formed 
by corpus callosum. The floor slopes from above downwards and medially and 
is formed from lateral to medial side by the caudate nucleus, stria semi circu laris, 
thalamostriate vein, upper surface of the thalamus, choroid plexus and the fomix. 
Its medial wall is formed by the septum lucidum. 

The anterior cornu passes forwards, laterally and slightly downwards into the 
frontal lobe. Its roof is formed by the corpus callosum and floor by the head of the 
caudate nucleus and for a small portion by the upper surface of the rostrum of the 
corpus callosum. 

The posterior cornu passes backwards and medially into the occipital lobe. Its 
roof and lateral wall are formed by the fibres of the tapetum of the corpus callosum. 
The fibres of the sptenium of the corpus callosum pass medial to the posterior cornu 
and form an evaluation there, the bulb of the posterior cornu. Below the bulb there 
is a second elevation, the calcar avis caused by the calcarine sulcus. Posteriorly 
the lateral and medial walls meet together. 

The inferior cornu, the largest of the three, traverses the temporal lobe and 
courses round the posterior end of the thalamus. It passes at first backwards, 
laterally and downwards and then curves forwards to within 2-5 cm. of the apex of 
the temporal lobe. Its roof is formed by the fibres of the tapetum of the corpus 
callosum, tail of the caudate nucleus, stria semicircularis, and more anteriorly, by 
the amygdaloid nucleus. Its floor is formed by the choroid plexus, the fimbria 
hippocampi, the hippocampus, and the collateral eminence. 

Communications ; 

fl) With the third ventricle through the interventricular foramen. 

(2) With each other through the tliird ventricle. It contains carebrospinal 
fluid in abundance. 

The choroid plexus. The choroid plexus is a highly vascular fringe of pia 
mater which secretes cerebrospinal fluid into the different ventricular cavities but 
that in the lateral ventricle is very prominent and the bulk of the cerebrospinal 
fluid is secreted by it. The choroid plexus of the lateral ventricle is a highly vascular 
fringe of pia mater which projects into the ventricular cavity invagtnating the 
ependymal medial wall of the ventricle and receiving from it a complete investment. 
It extends as far forwards as the interventricular foramen where it is continuous 
with the corresponding plexus of the opposite side. It consists of minute and highly 
vascular villous processes each possessing an afferent and efferent blood vessels. 
The arteries of the plexus are the anterior choroid artery, a branch of the internal 
carotid artery', which enters the plexus at the anterior end of the inferior horn of the 
lateral ventricle, and one or two posterior choroid arteries, branches of the posterior 
cerebral artery which enter into the plexus through the upper part of the choroidal 
fissure. The veins of the plexus unite to form a single tortuous vein (the choroid 
vein) which begins in the inferior horn of the ventricle and courses in the plexus to 
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the interventricular foramen where they join with the corresponding thalamostriate 
vein to form the corresponding intemal_cerebral .vein. The two internal cerebral 
veins run backwards dose to the median plane between the two layers of the tela 
chorioidca of the third ventricle and reaching below the splenium of the corpu- 
calloMjm, where the two layers of the tela chorioidea separate from eadi other, 
they unite to form the great cerebral vein which curves backwards and upward 
behind the splenium to join the straight sinus. 

The tela chorioidea. The tela chorioidea is a Fold of pia mater which enter 
the brain through the transverse fissure of the cerebrum, a gap belo\v the spleniuir 
of the corpus callosum. It appears in both the lateral and the third ventricles, 
though separated from their cavities by the epithelium of the ependyma. It i: 
triangular in shape, with its apex forwards and base backwards. It has the sami 
extent as the body of the fornix, so that it reaches from the incrventricular foramcr 
in front to the hack part of the splenium behind, beneath which, after investing 
the pineal body, it becomes continuous with the remainder of the pia mater covering 
the cerebrum and cerebellum. The tela sweeps round the posterior parts of the 
thalami to pass into the inferior cornua of the lateral ventricles through th< 
choroidal fissure. Anteriorly it protrudes beneath the choroidal fissure opposite th< 
two thalami and thus roofing in the third ventricle and forming the tela chorioidea 
of the third ventricle. The pia mater covering of the roof of the fourth ventricle 
constitutes the tela chorioidea of the fourth ventricle and contains the choroid plexus 
for the same. 

The interpeduncular fossa. It is a lozenge-shaped fossa at the base of the 
brain and is lxmnded in front by the optic chiasma, behind by the upper surface of 
the pons, antero-laterally by the converging optic tracts and postero-latcrally by 
the diverging cerebral peduncles. On the floor of the fossa there are structures 
which form the hypothalamus and they, from before backwards, arc the following: 
tuber cinercum, infundibulum, hypophysis cerebri, corpora mamillaria, and 
posterior perforated substance. It contains the circtilus arteriosus and the roots 
of the oculomotor nerve. 


THE CRANIAL NERVES 


Numerical value of the cranial nerves j 


1 . First cranial nerve 

2. Second cranial nerve 

3. Third cranial nerve 
•1. Fourth cranial nerve 
5, Fifth cranial nerve 
C. Sixth cranial nerve 

7, Seventh cranial nerve 
{5, Eighth cranial nerve 
9. Ninth cranial nerve 

10. Tenth cranial nerve 

11. Eleventh cranial nerve 

12. Twelfth cranial nerve 


. . Olfactory. 

. . Optic. 

. . Oculomotor. 

. . Trochlear. 

. . Trigeminal. 

. . Abducent. 

. . Tacial. 

. . Stato-acoustic (Auditory). 
. . Glossopharyngeal. 

. . Vagus. 

. . Accessory'. 

. . Hypoglossal. 


The point of exit or entrance of the respective cranial nerves from or to the cranial catty- 

1. Olfactory. It enters the cranium through the openings in the cribriform 
plate of the ethmoid bone. 

2. Optic. It enters the cranium through the optic foramen in the sphenoid bone. 

3. Oculomotor nerve. It emerge? from the cranium into the orbit through the 
superior orbital fissure. 

4. Trochlear nerve. It emerges from the cranium into the orbit through the 
superior orbital fissure. 
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5. Trigeminal nerve. It divides into three branches namely, ophthalmic, maxil- 
lary and mandibular. The ophthalmic branch comes through the superior orbital 
fissure; the maxillary division emerges through tire foramen rotundum of the 
sphenoid; and the mandibular nerve passes through the foramen ovale of the 
sphenoid bone. 

G. Abducent nerve. It emerges through the superior orbital fissure. 

7. Foetal nine. From the cranial cavity it enters the internal auditory meatus 
and then after a short course through the petrous part of the temporal bone it 
comes out from the cranium through the stylomastoid foramen. 

8. Stats-ccoMtic {Auditory). It enters the cranium through the internal auditory 
meatus of the temporal bone. 

9. Glossopharyngeal nerze. It emerges from the intermediate compartment of 
the jugular foramen. 

10. Vagus nenv. It comes out through the intermediate compartment of the 
jugular foramen. 

11. Accessory. It comes out through the intermediate compartment of the 
jugular foramen. 

12. Hypoglossal nerve. It emerges from the cranium through the hypoglossal 
(anterior condylar) canal of the occipital bone. 



MWfORM AMA 


Fig. 824. The olfactory nerve and its subsequent pathways. 


THE OLFACTORY NERVE AND THE PATH OF OLFACTORY 
OR SMELL SENSATIONS 

| The olfactory nerve is the first cranial nerve svhich is entirely sensory in function and 
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carries smell sensations from the olfactory area of the nasal cavities to the gyruj 
cjnguli. 

'I he olfactory nerve begins as central piocesscs from the olfa ctory cells situated 
in the olfactory area of the nasal cavity. The olfactory area corresponds to the 
region of the superior nasal concha and the adjoining portions of the nasal septum. 

From their origin the olfactory nerve fibres, which arc about twenty in number, 
pierce the cribriform plate of the ethmoid bone a nd at once end i n'tliifolfactorylmlb 
( first olfactory neuron) . 

Relay fibres from the olfactory bulb form the olfactory trad film w hieh constitute 
the second olfactory neuron and end in the olfactory pyramid, anterior perforated 
substance and in the piriform area. Third olfactory nriiront from these areas past 
directly to the hippocampal and the dentate gyri (hippocampal formation). Fwrlk 
olfactory neurons begin as efferent fibres from thr hippocampal formation and form 
the ahrus and the fornix (posterior column of fornix, body of the fornix, anterior 
column of fornix). The fornix ends in the corpora mamillaria from where relay 
fibies form the mamillo-thalamic tract which ends in the anterior nucleus of the 
thalamus. Finally relay fibres from the thalamus pats to the gyrus cinguli of the 
cerebral cortex. 



loVo] ANTI MOS DENTAL 
IlllHi INFSA-OUMTAt 

Fig. 825. The general distribution of nerves to the lateral nasal wall. U ith kind permission 
from Prof. Jlollmshed, Ph.D., Anatomy for the Surgeons, Vot. I, Paul B. I Tocher INC. 

Jf*B. Meningeal coverings of the brain are prolonged on to the olfactory nm c as it passes through 
the cribriform plate of the ethmoid and consequently the sub-araehnoid space is carried down into the 
nasal cavity along with the olfactory nene. Thus spread of infection to (lie carebral meninges may 
take place in ease of n.-isal suppuration through Ihe meningeal co\ erings of the olfactory ners e. 
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THE OPTIC NERVE 

• It is the second cranial nenp' entirely sensory in function and carries visual 
j sensations from the retina to the cuneus of the occipital lobe of the brain. It is divisi- 
■ ble into three constitutent parts, namelyoptic nerve, optic chiasma and the optic tract. 
: The optic nerve extends from the retina to the anterior end of the optic chiasma; the 
optic chiasma is the decussating point of the optic nerve where its nasal fibres 
cross each other to gain the opposite side; the optic tract begins from the posterior 
, end of the optic chiasma and having a cell station in the lateral geniculate body ends 
| in the euneus of the occipital lobe of the brain. 



F»g. 82G, The op lie nerve in ihc anulus tendineus communis as seen from the front after removal 
of the eye-ball. With kind permission from Callander : Surgical Anatomy, W B. 

Sa under -j Company, Philadelphia and London. 

The optic nerve begins as numerous nerve filaments in the gnaglionic layer of 
the retina (innermost layer) and after piercing the outer layers of the retina, choroid 
and the lamina cribrosa of the sclera unite together to form a nerve bundle the optic 
nerve; it emerges from the eye-ball about 1/6 inch to the nasal side of its centre and 
thep passing through the orbital cavity it enters the cranial cavity through the optic 
foramen and after a short course there it ends in the optic chiasma. It Is about one 
and a half inches in length of which orbital part is one inc h and the cranial part is 
half an inch. ~ 

In the orbit, the optic nerve is crossed superficially by the superior ophthalmic 
vein, ophthalmic artery and the nasociliary nerve from lateral to the medial side. 
Close to the optic foramen it is closely surrounded by the muscles of the eye-ball but 
in the orbit it is separated from them by a considerable distance. Between it and 
the rectus jateralis there lies the ciliary ganglion which gives out the short ciliary 
nerves which closely follow the optic nerve. The nasociliary nerve as it crosses the 
optic nerve gives out 2 or 3 long cil'ary nerves which accompany the short ciliary 
nerves. _ The branch from the oculomotor which supplies the medial rectus passes 
below it in its course. 
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Constituent fibres. The nasal fibres including the nasal half of the macular fibres 
of each optic nerve decussate with each other at the chiasma and pass to the opposite 
optic tract and occupy the central part of the chiasma. The temporal fibres of the 
optic nerve do not decussate but they pass to the optic tract of the same side and 
occupy the lateral portions of the optic chiasma. 

The ventral and dorsal supra optic decussation fibres which do not form any 
part of the optic nerve fibres lie along the dorsal border of the chiasma and they 
arise from the brain stem of one side, decussate with the fibres from the opposite side 
and connect the brain stem with the mid-brain and fore-brain of the opposite side. 

Optic tract. The optic tract begins at the posterolateral angle of the optic 
chiasma and contains fibres from the temporal half of the same retina and nasal 
half of the opposite retina. 

The optic tract fibres wind round the upper part of the cerebral peduncles and 
end into the lateral geniculate body, superior quadrigeminal body and into the 
pretectal region. Fresh relay fibres from the lateral geniculate body form the 
geniculo-calcarine tract and then pass at first forwards and laterally along the infe- 
rior horn of the lateral ventricle and then curves lateralwards to pass through the 
sublenticular part of the mtemal capsule and finally they turn backwards through 
the internal sagittal stratum of the temporal and occipital lobes to end into the 
striate area of the occipital lobe of the brain. » 

The fibres that end in the_ pretertnl region are all concerned with the pupillary 
light reflex while the fibres ending in the superior quadrigeminal body are concerned 
with somatic optic reflexes such as movement of the head and eyes in response to 
exteroceptive stimuli. 

Effects of injury to the visual pathway: 

(а) Lesion in the optic chiasma (central part). It causes bitemporal hemianopia; 
lesion in the peripheral part causes binasat hemianopia; in both tfie cases light 
reflex is abolished. 

(б) Lesion in the optic nerve. It causes abolition of the light reflexes from the 
blind &de of the retina. 

(e) Lesion in the optic tract. Lesion beyond the lateral geniculate body causes 
loss of vision of the nasal part of the same side and temporal part of the opposite side 
of the field of vision. 


THE OCULOMOTOR NERVE 

It is a true motor nerve supplying^j^os^ all the ocular muscles except the 
c cctus lateralis and obliqmis superior. It also supplies motor filaments to the 
sphincter pupillae and the cihans muscles. 

Deep origin. It arises from the motor nucleus of the nerve situated Jn the^grey. 
matter at the upper part ^of/the Jlobr^of.the aqueduct of the mid^brain jpnd also 
extendmgTmcT' thc tlnrd ventricle. 

Morphologically it contains both somatic and visceral motor fibres. Its somatic 
fibres have their cells of origin from the dorsilaleral , ventrimedial , central and caudal 
central nuclei of the composite oculomotor nerve nucleus and supply all the muscles 
of the ’eye-ball except the lateral rectus and the superior oblique muscles of the eye- 
ball. The visceral motor fibres have their cells of origin from the Edinger-Westphal 
nucleus, a member of the composite oculomotor nucleus and they supply the sphincter 
pupillae and the ciliaris muscle. 

Superficial origin. The roots of the nerve emerge from the groove on the medial 
aspect of the cerebral pedunclejhnd proceed forwards in the interpeduncular cistern. 

Course and relation. After its exit from the brain it lies in between the posterior 
cerebral and superior cerebellar arteries in the interpeduncular fossa. It then 
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pierces the arachnoid mater and lies in the triangular inte^ b^x^j^ejreeand 
tEe'fltlacli^Tprders’ol [He tentorium“ccrebeHrand 'themperforates- thtnnenntgcil 
"layer oTthe'd'ura^ mater at thelataalsidconhe posterior clinoid process of ihesphen- 
oid and enters into the cavernous sinus. In the Cavernou s si nus it lies on its lateral 
•wall bein g placed above the trochlear nerve.’ It then passesTorwards Within ihclmih 
ancfreachestBe superior orbital fissure where it is crossed superficially by the trochlear 
nerve and divides into superior and inferior branches which enter the orbit throogli 
the common tendineus ring and being separated from each other by the intervening 
nasociliary nerve. 

Distribution. The superior branch ascends on the lateral side of the optic nerve 
and supplies the rectus superior and levator palpebrae superioris. _ The inferior 
branch divides into three branches, one supplies the rectus medialis, the second 
supplies the rectus inferior and the third supplies the obliquus inferior. ^ From the 
nerve to the obliquus inferior one branch passes to join the ciliary ganglion through 
which it supplies the sphincter pupillae and the ciliaris muscles. This short branch 
to the ciliary ganglion constitutes its para-sympathetic root. 

Connections. (1) It is connected with the pyramidal fibres of the opposite side; • 
(2) with the fourth, sixth and eighth cranial nerves by the medial longitudinal 
bundle, (3) with the visual cortex by tectobulbar tract. 

Communications. In the cavernous sinus it communicates with the carotid plexus 
of sympathetic and the ophthalmic division of the trigeminal nerve; in the orbit it 
communicates with the ciliary ganglion. 

Paralysis of the oculomotor nervei 

Effects. (1) Drooping of the upper eye lids (ptosis) due to paralysis of the levator 
palpebrae superioris. 

(2) The eye is motionless and there is divergent squint in which the eye-ball is 

rotated lateralwards due to unopposed action of the rectus lateralis which is supplied 
by the sixth nerve. * 

(3) There is dilatation of the pupil due to unopposed action of the dilator pupilae ' 
which is supplied by the sympathetic and there is associated diplopia (double vision). 


THE TROCHLEAR NERVE 

The trochlear nerve is entirely motor in function and supplies the superior 
oblique muscle of the eye-ball. 

Deep origin. It arises from its nucleus situated at the floor of the aqueduct ofthe 
mid-brain opposite the upper part of the inferior quadrigeminal body. 

Morphologically the trochlear nerve contains only the somatic motor fibres. 

Superficial origin. It emerges from the brain below the inferior quadrigeminal 
body on the side of the frenulum vcli. 

Course and relation. After its exit from the side of the frenulum vcli it winds round 
the cerebral peduncle and passes forwards between the posterior cerebral and the 
superior cerebellar arteries. It then pierces the inner layer of the dura mater at the 
free border of the tentorium ccrebclii a little behind the posterior clinoid process of 
the sphenoid and enters the cavernous sinus where it lies at its lateral wall being 
placed below the oculomotor nerve and above the ophthalmic nerve. Maintaining 
this relation it passes to the superior orbital fissure where it crosses superficial to the 
oculomotor nerve and then enters the orbit superficial to the common tendineus 
ring and the ocular muscles. In its course through the orbit it passes over the origin 
of the ! era tor palpebrae superioris and lies on the medial side of the frontal nerve. « 
finally enters the medial surface of the superior oblique muscle and supplies it. 
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Peculiarities. It is the slcndcrroost cranial nerve and is the only one which is 
emerging from the dorsal region of the brain stem. The fibres in their course through 
the mid-brain decussate with one another. 

Connections. (1) It is connected with the pyramidal fibres of the opposite side; 
(21 with the third, sixth and eighth cranial nerves by the medial longitudinal bundle; 
(3) with the visual cortex by the tcctobnlbar tract. 

Communications. In the cavernous sinus it communicates with the ophthalmic 
nerve and the protid plexus of sympathetic, in the superior orbital fissure it some- 
times communicates with the lacrimal nerve. 

Paralysis of the trochlear nerve: 

Ejects. Obvious defects are not noticeable but a phenomenon known as Erb’s 
syndrome is noticed in which there is deviation of the eye-ball upwards and inwards 
on lowering the object in front of the eye and the eye-ball simply moves upwards 
when it is turned towards the healthy side and there is also associated diptopia. 


THE TRIGEMINAL NERVE 

It is a mixed nerve and consists of both motor and sensor)' roots. The two r 
roots of the nerve arc attached to the brain stem on the upper part of the ventral ! 
aspect of the pom (superficial origin) and the small motor root usually lies in front J. 
of the sensory root. ** . 

(a) The motor root arises from the motor nucleus of the nerve situated within the 
dorsal or tegmental part of the pons. 

(i) The sensory root forms the central processes of the cells of the semilunar 
ganglion of the trigeminal nerve situated in a depression on the anterior surface 
of the petrous part of the temporal bone immediately behind its apex. The sensory 
root fibres enter the substance of the pons at the superficial origin of the nerve and 
then divides into ascending and descending branches. 

The ascending branches end in the superior sensory nucleus situated within the 
dorsal part of the pom ventrilatcral to the motor nucleus. These fibres carry tactile, 
pressure and proprioceptive sensations from the trigeminal area. 

The descending branches form the spinal tract of the trigeminal nerve which ends 
in the nucleus of the same situated within the medulla and extending downwards 
into the medulla spinalis for a considerable distance (upto fifth cervical segment). 

This spinal tract of the trigeminal nerve carries painful and thermal stimuli from the 
trigeminal area and lies sqnerficial to its nucleus close to the surfaccof the medulla 
and the medulla spinalis. In trigeminal neuralgia operative division of this tract 
ensures relief of pain. 

Morphologically the trigeminal nerve contains somatic sensory fibres from the 
trigeminal area (head region) and branchial motor fibres for the muscles of masti- 
cation. 

The mesencephalic root of the trigeminal nerve arises from the mesencephalic nucleus 
situated within the mid-brain on the lateral side of the central grey matter and its 
fibres join the main trunk and pass through the semilunar ganglion uninterrupted. 
They are concerned with proprioceptive sensations from the muscles of mastication 
and the muscles of the orbit. 

Branches of the trigeminal nerve. The branches of the trigeminal nerve are the 
ophthalmic or VT, maxillary or V’ll and the mandibular or V’lII. 

Ophthalmic nerve. The ophthalmic nerve is the first branch of the fifth 
nerve (v’l) and arises from the anteromedial part of the trigeminal ganglion. It is 
entirely sensory in function and supplies the eye-ball, the lacrimal gland, part of the 
conjunctiva, part of the mucous membrane of the nose, the skin of the eyelid and the 
forehead and the scalp. 
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It measures about one inch in length and is the smallest branch of the trigeminal 
nerve. It passes through the lateral wall of the cavernous sinus being placed below 
the oculomotor and the trochlear nerves and reaching the superior orbital fissure it 
ends by dividing into lacrimal, fiontal and nasociliary nerves. 

Branches of the ophthalmic nerve. The opthalmic nerve divides into three 
branches, lacrimal, frontal and nasociliary and gives off communicating branches 
to the oculomotor, trochlear and abducent nerves and a recurrent branch which 
ascends upwards along the trochlear nerve and supplies the tentorium cerebelli. 

Lacrimal nerve. It enters the orbit through the lateral part of the superior 
orbital fissure and accompanying the lacrimal artery runs along thc upper border 
of the rectus lateralis muscle to the lacrimal gland. After supplying a few branches 
to the lacrimal gland it pierces the orbital septum and ends in the skin of tk 
upper eyelid and joins with the branches from the facial nerve. In the orbit it is 
joined by a filament from the zygomatic branch of the maxillary nerve. 1 

Supratrochlear nerve. The supratrochlear nerve communicates with the 
mfratrochlear nerve and accompanying the supratrochlear artery it ascends 
upwards over the supratrochlear notch and then passes upwards under cover of 
the corrugator supercdli and frontal belly of the occipito-frontalis and by piercing 
these muscles it supplies the skin of the lower part of the forehead as far . as the 
median plane. It also supplies the skin and the conjunctiva of the upper eyelid. 

Supraorbital nerve. The supraorbital nerve passes between the roof of the 
orbit and the levator palpcbrae superioris and ascends upwards tlirough the supra- 
orbital notch or foramen and enters into the frontal region. Then it divides into a 
lateral and a medial branch. Each passes upwards under cover of the frontal belly 1 
of the occipito-frontalis and finally pierces the epicranial aponeurosis and supplies ' 
the skin as far as the Iambdoid suture. In its course it is accompanied by the supra- j 
orbital artery. In its course through the orbit it supplies the skin and the conjunctiva 
of the upper eyelid. 

Nasociliary nerve. After its origin from the ophthalmic nerve it passes 
forwards and enters the orbit through the common tendineus ring where it lies in , 
between the two rami of the oculomotor nerve. It then crosses the optic nerve with 
the ophthalmic artery and passes below the rectus superior and the obliquus superior 
muscle and finally reaches the medial wall of the orbit. Here it enters the anterior 
ethmoidal canal as the anterior ethmoidal nerve and passes into the cranial cavity. 
Then it passes forwards through the groove on the upper and lateral part of the 
cribriform plate of the ethmoid bone lying under cover of the dura mater and enters 
the nasal cavity through the opening on the lateral side of the crista galli of the 
ethmoid bone. In tire nose it lies in the groove on the internal surface of tire nasal 
bone and divides into internal nasal nerves, a lateral and a medial and an external 
nasal nerve. The lateral branch of the internal nasal nerve supplies the xmicou3 
membrane covering the lateral wall of the nose, and the medial branch supplies the 
mucous membrane of the roof and the septal wall of the nasal cavity. 

The external nasal nerve comes out of the nasal cavity through the opening 
between the lateral cartilage of the nose and the nasal bone and then passing beneath 
the compressor naris it supplies the skin of the ala, the apex and the vestibule of the 
nose. * 

Besides the external and internal nasal branches the nasociliary nerve gives off 
a communicating branch to the ciliary ganglion, and the long ciliary, the infra- 
trochlear and the posterior ethmoidal nerves. 

The maxillary nerve. The maxillary nerve is the second division of the 
trigeminal nerve and is entirely sensory in function. 

It arises from the middle of the semilunar ganglion of the trigeminal nerve 
and passes horizontally forwards along the lower part of the lateral wall of the 
cavernous sinus and emerges out of the cranium through the foramen rotundj jgi 01 
the sphenoid bone. It then passes through the pterygopalatine lossa and crosses 
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pper part of the lateral surface of the orbital process of the palatine bone and the 
nor surface of the maxilla and then er tpr * ; ^ tri the pi-fr it. In the orbit it is 
nued as the infraorbital nerve and passes through the infraorbital groove on. 
loorof the orbit and then passes on to the Face through the infraorbital foramen. 
le face it lies under cover of the lavator labii superioris and divides into terminal 
(ches which supply the lower eyelid, the skin and the mucous membranes of the 
k, and upper lip, and the skin of the side of the nose and is connected with the 
2 ches of the facial nerve. 



Branches: 

In the cranium 

Inside pterygopalatine fossa 

In the infraorbital canal 

In the face 


(1) Meningeal, 
f (1) Zygomatic. 

3(2) Ganglionic, 
f (3) Posterior superior dental. 

(1) Middle superior dental. 

(2) Anterior superior dental. 
((I) Palpebral. 

3(2) Nasal. 

((3) Labial. 


Meningeal nerve. The meningeal branch of the maxillary nerve arises from, it 
dose to the semilunar ganglion of the trigeminal nerve and soon accompanies the 
anterior branch of the middle meningeal artery and ends by supplying the dura 
mater in the middle cra/iial fossa. It communicates with the anterior branch of the 
meningeal branch of the mandibular nerve (nervus spinosus). 

Zygomatic nave. It arises from the maxillary nerve in the pterygopalatine 
fossa and enters the orbital cavity through the inferior orbital fissure. In the orbit 
it passes to its lateral wall where it ends by dividing into zygomatico-facial and 
zygomatj co-temporal branches. 

The zygomatico-facial nerve passes through the zygomatico-facial foramen to 
enter into the face where it becomes superficial by piercing the orbicularis ocuii 
and supplies the skin covering the zygomatic bone. It joins with the zygomatic 
branches of the facial nerve and the palpebral branches of the maxillary nerve to 
form a plexus. 
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The zygoma t ico~ temporal nerve enters the temporal fossa by passing through the 
zygomatico-tcmporal foramen and ascends upwards between the temporalis musefr 
and the bone. It becomes superficial by piercing the temporal fascia about three- 
fourth inch above the zygomatic arch opposite the lateral angle of the orbit and 
supplies the skin of the adjoining region. 

In the orbit it communicates with the lacrimal nerve by a small twig and thh 
brancit probably carries the parasympathetic (secreto-motoi) fibres to the lacrimil 
gland from the pterygopalatine ganglion. In the temporal region it communicato 
with the temporal branches of the auriculotemporal and the facial nerves. • 

Ganglionic branches. They are usually two brandies which pass to join the 
pterygopalatine (sphenopalatine) ganglion. 

Posterior superior dental nerves. They arc two in number and may arise by a 
common tiunk. They arise from the maxillary nerve just before it enters into the 
infraorbital groove- It provides twigs which supply the gums and the adjoining 
portions of the mucous membrane of the check and then enter into the substance 
of the maxilla tlnough the posterior superior dental canal. Within the mariib 
they communicate with the middle superior dental nerve and supply the muons 
membrane of the maxillary air sinus and the molar teeth. 


Middle superior denial nerve. Jls origin is variable and more frequently it arises j 
from the infraorbital nerve and enters the lateral wall of the maxillary air sinta j 
through the minute opening in the 


posterior part of the floor elf the 
infraorbital canal. It supplies the 
two premolar teeth and forms the 
superior dental plexus by uniting 
with the anterior and posterior 
dental nerves. 


Anterior superior dental nerve. It 
arises from the infraorbital nerve 
and passes to the anterior wall of 
the maxillary air sinus through a 
canal at the lateral and anterior 
part of the infraorbital canal. It 
supplies the incisors and the 
canine teeth and provides a nasal 
branch which enters the inferior 
meatus of the nose by piercing its 
lateral w’all and supplies the 
mucous membrane covering the 
anterior part of the lateral wall 
anil the fioor of the inferior 
meatus. In the nasal cavity it 
communicates with the nasal 
branches of the pterygopalatine 
(sphenopalatine) ganglion. 


s / Palpebral branches. They 

ascend upwards beneath the 



orbicularis oculi and supply the 
f the lateral 


Fig. 829. A section of a tooih showing^ the dutn- 
button of the nerve. With kind permission front • 
Prof, Ilollinshead, Ph.D., Anatomy for the Surgeon*, 
Vol. I, l*aul B. Hocbcr INC. 


skin and conjunctiva of tl 
part of the low er eyelid. 

U Kasai nerves. They supply the skin on the lateral side of the bridge of the nose 
and the anterior part of the nasal septum. They communicate with the external 
nasal branch of the anterior ethmoidal nerve. 


■^Labial branches. They form a bunch of nerve fibres which descend downwards 
beneath the levator labii superioris and end by supplying the skin and the mucous 
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membrane on the anterior part of the cheek, the skin of the upper lip and the labial 
glands. They unite with the buccal branches from the facial to form a plexus, the 
infraorbital plexus. ^ 

The mandibular nerve. It is a mixed nerve and consists of a motor and a 
sensory root. The sensory root arises from the lateral part of the semilunar ganglion 
of the trigeminal nerve and the motor root is the continuation of the motor part of 
the trigeminal nerve and lies beneath the semilunar ganglion. The two roots of tile 
nerve emerge through the foramen ovale of the sphenoid bone separately and are 
united together immediately below the foramen where the nerve lies in between 
the tensor palati muscle medially and the lateral pterygoid muscle laterally. Just 
below the union of the two roots the mandibular nerve gives out two branches, the 
meningeal (nervus spinosus) and the nerve to the medial pterygoid muscle and then 
divides into a smaller anterior and a larger posterior trunk. 

Branches. (1) Meningeal braneh (Xernts spinosus). It accompanies the middle 
meningeal artery and enters the cranial cavity through the foramen spinosum. It then 
divides into anterior and posterior branches which accompany the corresponding 
brandies of the middle meningeal artery and supply the dura mater. The anterior 
1 branch communicates with the meningeal branch of the maxillary nerve and the 
posterior branch supplies a few twigs which pass through the fissure between the 
petrous and the squamous parts of the temporal bone and end by supplying the 
mucous membrane lining the mastoid air cells. 

(2) jVtrre to the medial pterygoid. It arises from the deep aspect of the undivided 
1 mandibular nerve and soon enters into the deep surface of the medial pterygoid 
muscle. It provides one or two twigs to the otic ganglion to which it is intimately 
related. 

(3) The anterior trunk. The smaller anterior trunk of the mandibular 
nerve soon divides into buccal, masseteric, deep temporal and nerve to the lateral 
pterygoid branches. 

Buccal nerve (Buccinator nerve) . It soon passes forwards between the two 
■ heads of the lateral pterygoid muscle and then funs downwards and forwards beneath 
the lower part of the temporalis muscle and finally descends on the superficial aspect 
of the buccinator muscle from under cover of the ramus of the mandible and the 
anterior border of the masseter muscle. On the buccinator muscle it joins with the 
buccal branches of the facial nerve to form the buccal plexus and supplies the skin 
covering the buccinator mjisclc and the mucous membrane covering the inner 
aspect of the same and the posterior part of the buccal surface of the gums. 

Masseteric nerve. The masseteric nerve passes laterally through the posterior 
part of the mandibular notch and soon ramifies on the deep surface of the masseter 
' muscle and also it provides branches to the mandibular joint. 

Deep temporal nerves. The deep temporal branches are usually two in number, 
i anterior and posterior. They ascend upwards from under cover of the upper border 
| of the lateral pterygoid muscle and soon enter into the deep surface of the temporalis 
muscle. The anterior branch may occasionally arise from the buccal nerve and the 
i posterior branch may also arise from the masseteric nerve. 

Nerve to the lateral pterygoid muscle. The nerve to the lateral pterygoid soon passes 
„ to the deep surface of the lateral pterygoid muscle. 1 1 may arise by a common trunk 
with the buccal nerve. 

(4) The posterior trunk of the mandibular nerve. The larger posterior 

trunk of the mandibular nerve divides into auriculotemporal, inferior dental and 
lingual branches. • 

"Hie auriculotemporal nerve. The auriculotemporal nerve is entirely sensory in 
function and arises by two roots which encircle the middle meningeal artery and 
v *hen unites to form the nerve trunk. It passes backwards on the tensor palati muscle 
| deep to the lateral pterygoid and then passing posterior to the mandibular joint it 
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reaches the interval between the joint and the auricle and then reaches the superk 
surface of the parotid gland. It then ascends over the posterior part of the zygomatic 
arch behind the superficial temporal vessels and finally ends by dividing into super- 
ficial temporal branches. The following are the branches of the auriculotemporal 
nerve. 

Branches oj communication. The communicating branches join the facial 
nerve and the otic ganglion. The branches to the facial nerve are two in number 
and join the same at the posterior border of the masseter muscle. Each of its roots 
receive a branch from the otic ganglion through which it receives fibres from the 
tympanic branch of the glossopharyngeal nerve and these fibres are destined to the 
parotid gland supplying sccreto-motor fibres to it. / 



Fig. 830. The muscles of mastication supptted by the mandibular nerve. The zygomatic arch and * 
portion oi the masseter muscle have been removed. 

Auricular braruhes. They are two in number and supply the skin covering 
the helix and the tragus at the upper part of the auricle. 

Branches to the external auditory meatus. They are two in number and reach 
the external auditory meatus by passing between the bony and the cartilaginous 
parts of the external auditory meatus. They supply the skin of the external auditory 
meatus and the tympanic membrane. 

Parotid branches. They supply the secreto-motor fibres to the parotid gland 
ond their fibres are originally derived from the glossopharyngeal nerve. The 
glossopharyngeal nerve through its tympanic branches forms the tympanic plexus 
with the caroticotympanic nerve within the tympanic cavity. The tympanic plexus 
pves out the lesser superficial petrosal nerve which joins die otic ganglion carrying 
the same fibres. The otic ganglion by its communicating branches conveys the same 
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fibres lo the auriculotemporal nerve and the latter by its parotid branches supplies 
the same. 

Articular branches. They are one or two branches which supply the mandibular 
joint. 

Superficial temporal branches. They accompany the superficial temporal vessels 
and supply the skin of the temporal region. They communicate with the 
zygomatico-tcmporal and the facial nerves. 

The inferior denial. The inferior dental nerve passes down under cover of the lateral 
pterygoid muscle and superficial to the sphenomandibular ligament and the medial 
pterygoid muscle and accompanying the inferior dental vessels it enters the mandi- 
bular canal through the mandibular foramen. Before it enters the foramen it gives 
out its mylohyoid branch. Within the canal it ends by dividing into incisive and 
mental branches. Thc-^lof^ouj^er^e supplies the mylohyoid muscle and the 
anterior belly of the digastric ,musclc; s the incisive branch supplies the incisors and 
the canine tooth of the mandible and the mucous membranes in this region. The 
mental branch supplies the skin opposite the symphysis menti and skin of the lower 
lip and the mucous membranes of the same. It also provides branches to the molar 
and the premolar teeth of the mandible. 

Th t lingual nerve. The lingual nerve is the sensory n erve for the mucous membrane 
of the anterior two-thirds of the tongue, for the mandibular gums and the mucous 
membranes of the floor of the rrfouth. 
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Fig. B3l. The submandibuiar region of the neck. The mandible has been removed, With kind 
permission from Callander: Surgical Anatomy, 2nd Ed., 1939; W. B. Saunder’s Company, 
Philadelphia and London. 


It arises from the posterior division of the mandibular nerve and at first lies 
deep to the lateral pterygoid muscle where it is joined by the chorda tympani branch 
of the facial nerve and by a branch from the inferior dental nerve and then emerges 
from under cover of that muscle and passes downwards and forwards between the 
ramus of the mandible and the medial pterygoid muscle lying antero-medial to the 
inferior dental nerve. Then it passes below the mandibular origin of the superior 
constrictor muscle of the pharynx and is placed on the medial surface of the body 
of the mandible opposite the third molar tooth where it is covered only by the 
mucous membrane. Then it crosses the styloglossus muscle and passes forwards 
in between. the mylohyoid and the hyoglossus muscles. In this situation it is placed 
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above the hypoglossal nerve and the deep part of the submandibular gland and its 
duct. Then it rum from above downwards and forwards and at first lies on the 
lateral side of the submandibular duct and then winding round below it, passes 
forwards on its medial side. Finally it crosses the lateral surface of the genioglossus 
muscle and breaks into its terminal branches which lie immediately beneath the 
mucous membrane. Its terminal filaments join with the branches from the 
hypoglossal nerve at the tip of the tongue 

It sends communicating branches to the submandibular ganglion and forms 
loops of communication with the hypoglossal nerve; it is joined by the chorda tympani 
nerve and by the communicating branch from the inferior dental nerve. 

Ganglia associated with the branches of the trigeminal nerve. 

Pterygopalatine (Spbenolpalatine) ganglion. It is the largest of the 
ganglia associated with the branches of the trigeminal nerve. It is connected 
With the maxillary division of the trigeminal nenc and lies within the pterygopala- 
tine fossa. 

Shape. Triangular. 

Size. It measures about 1/5 inch in diameter opposite its base. 

Position. It is situated in the upper part of the pterygopalatine fossa opposite 
the pterygoid canal and is suspended from the maxillary nerve by two roots. 

Roots. Motor and sympathetic. The pterygoid nerve formed by the union 
of the greater (superficial) petrosal branch of the facial nerve and the deep petrosal 
nerve from carotid plexus of sympathetic, constitutes its motor and sympathetic roots. 
The nerve of the ptoygoid canal also carries some parasympathetic fibres to the 
ganglion from the facial via its greater (superficial) petrosal branch. 

Sensory root. These fibres are derived from the maxillary nerve and are joined 
to the ganglion by two roots which suspend the ganglion from the nerve. 


Branches: 

(1) Orbital. They consist of two or three filaments which enter the orbit 
through the inferior orbital fissure and supply motor filaments to the orbitalis muscle, 

secreto-motor fibres to the 

*"'■ — —NAJOPAIATINE 

ox LONG SPHENOPALATINE 

nerve 



Fig. 832. The innervation of the hard and the toft palate. 
With Ufld permission from Prof, W. II. Hoffinshead, 
Ph. D., Anatomy for the Surgeoru; VoL I, Paul £. 
Hoe her INC. 


lacrimal gland (parasympathe- 
tic fibres) and sensory fibre to 1 
the periosteum of the orbit, to 
the sphenoidal and ethmoidal 
air sinuses which pass through 
the posterior ethmoidal canal. 

(2) Palatine. They are 
distributed to the mucous 
membranes of the roof of the 
mouth, soil palate, tonsils and 
the lining membrane of the- 
nasal cavity as greater and 
lesser palatine nerves. 

(3) Kasai. They arc the 
long and short nasopalatine (sp- 
henopalatine) nerves and supply 
the mucous membranes of the 
nasal septum and the nasal cavity. 


ply 


(4) Pharyngeal. They sup- 
the mucous membranes of 


the nasal part of the pharynx 
behind the auditory (pbaryngo- 
tympanic) tube. 
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Otic ganglion. It is connected with the mandibular division of the trigeminal 
nerve. 

Shape and size. It resembles a pin’s head in size and reddish in colour. 

Position. It lies on the medial side of the mandibular nerve at the base of the 
skull immediately below the foramen ovale. 

Relations : 

Anteriorly — Medial Pterygoid muscle. 

Posteriorly — Middle meningeal artery. 

Laterally — Mandibular nerve. 

Medially —Tensor palati muscle. 

Roots: 

Motor or parasympathetic. The lesser (superficial) petrosal nerve from the tympanic 
branch of the glossopharyngeal nerve constitutes its motor or parasympathetic root. 
The lesser (superficial) petrosal nerve also receives some fibres from the facial nerve. 
By communicating branches to the auriculotemporal nerve it supplies secreto-motor 
fibres to the parotid gland through auriculotemporal nerve. 

Sympathetic root. These fibres arc derived from the sympathetic plexus around 
the middle meningeal artery. These fibres pass to the auriculotemporal nerve 
through its communicating branch and are distributed to the blood vessels of the 
parotid gland through the same nerve. 

Branches: 

Motor branches. They supply the two tensors, the tensor palati and the tensor 
tympani muscles. These branches are not true branches from the ganglion but these 
arc the fibres from the nerve to the medial pterygoid muscle which pass through this 
ganglion uninterrupted. 

Secreto-motor branches. They join auriculotemporal nerve and supply secretory 
fibres to the parotid gland. These fibres are derived from the tympanic branch of the 
glossopharyngeal nerve. 

Communications: 

(a) To auriculotemporal nerve. 

(b) To chorda tympani nerve. 

(e) To pterygoid nerve. 

Submandibular ganglion. It is attached to the lingual branch of the 
mandibular nerve. 

Shape and size . It resembles a pin’s head in size. 

Situation. It is suspended from the lingual nerve by two roots and lies on the 
outer surface of the hyoglossus muscle. 

Relations: 

Medially — Hyoglossus muscle. 

Laterally — Submandibular gland. 

Superiorly — Lingual nerve. 

Inferior]/ — Hypoglossal nerve. 

Roots. Secreto-motor (parasympathetic fibres). These fibres are derived from 
the chorda tympani branch of the facial nerve. 

Sensory roots. They are derived from the lingual branch of the mandibular 
nerve. 

Sympathetic root. They are derived from the sympathetic plexus of nerves around 
the facial artery. 
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Branches; 

(1) Srcreio-mitfor tranches. They supply the submandibular and sublingual 
glands. 

(2) Sensory branches. They supply sensory fibres to the mucous membranes of 
tlie mouth and tongue through the lingual nerve. 

Ciliary ganglion. It is a small reddish ganglion associated with the nerve 
to the inferior oblique branch of the oculomotor nerve. 

Shape and size ■ ft resembles a pin’s head in size. 

Situation. It lies in the fat between the optic nerve medially and the rectus 
lateralis laterally at the apex of the orbital cavity. 


JUPSATROCHUA* A ATI* I 



Hoots. Motor. It is deris ed from the branch of the oculomotor nerve supplying 
the inferior oblique muscle of the eye-ball. It carries preganglionic parasympathetic 
fibres (parasympathetic root) which are believed to arise from the Edinger-Westphal 
nucleus. The postganglionic fibres from the ciliary ganglion run along with the 
short ciliary nerves and supply the sphincter pupiUae and the riliaris muscles. 

Sensory. It is derived from the nasociliary nerve. 

Sympathetic. It is derivedfrom the sympathetic plexus around the ophthalmic 
artery. These arc postganglionic sympathetic fibres from the superior cervical 
sympathetic ganglion and they pass through the ciliary ganglion uninterruptedly 
and supply the dilator pupiUae. 
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Branches: 

Motor branches. They are short ciliary nerves which consist of about 15 to 20 
short branches. They supply the ciliary body and the circular fibres of the iris 
(constrictor pupiilae) and derive fibres from the oculomotor nerve. They also 
supply the radial fibres of the iris (dilator pupiilae) and the fibres are derived from 
the sympathetic root. 

Sensory branches. They are distributed to the iris, cornea, sclera and the choroid. 


THE ABDUCENT NERVE 

It is the sixth cranial nerve and is entirely motor in function. It supplies the 
rectus lateralis muscle of the cyc*ba!l. 

Deep origin. It arises from the abducent nerve nucleus situated at the floor of 
the fourth ventricle beneath the colliculus facialis. 

Morphologically it contains somatic motor fibres. 

Superficial origin. It leaves the brain from the furrow between the lower border 
of the pom and the upper end of the pyramid of the medulla oblongata. 

Course and relation . From its origin in the brain stem it passes upwards, forwards 
and laterally through the cistema pontis and pierces the inner layer of the dura mater 
lateral to the dorsum sellae of the sphenoid and passes beneath the petro-sphcnoidal 
ligament to enter into the cavernous sinus. In the cavernous sinus it at first lies 
lateral to the internal carotid artery and then infcro-Iateral to it. It then enters 
the orbit through the medial part of the superior orbital fissure and passing through 
the common tendineus ring it enters the media) surface of the rectus lateralis muscle 
to supply it. 

Connections . (I) It is connected with~ifre pyramidal fibres of the opposite side; 
(2) with the third, fourth and'tighlh cranial nerves by the medial longitudinal 
bundle; (3) with the visual cortex by the tectobulbar tract. 

Communications. It communicates with the internal carotid plexus of 
sympathetics and the ophthalmic division of the trigeminal nerve. 

Paralysis of the abducent nerve: 

Effects . (1) Paralysis of the rectus lateralis of the same side results in convergent 
strabismus with consequent diplopia and there is inability to move the eye-ball 
laterally. 

(2) There may be paralysis of thejnedial rectus of the opposite side resulting 
in conjugate deviation of the eye-ball mVhich both the eye-balls are turned to the 
same direction. Paralysis of the medial rectus of the opposite side can be explained 
by the fact that the nerve supplying the same muscle has its origin in the abducent 
nerve nucleus of the opposite side and after its origin it passes along with the third 
nerve. So when there is associated conjugate deviation it indicates the nuclear 
lesion. 

THE FACIAL .\fevE 

The facial nerve is a mixed nerve and consists of a motor and a sensory root. 
They unite at the botto m .of th e internal acoustic (auditory) meatus. 

Deep origin. (Motor root). The motor root fibres have two sources of origin, 
some fibres arise from a nucleus (branchial motor nucleus) in the reticular formation 
of the lower part of the pom and others from the superior salivary nucl eus (visceral 
motor nucleus) situated in the reticular formation/ The motor nerve nuclei are 
connected with the pyramidal tract fibres. 

Morphologically the fibres of the facial nerve contains branchial motor, visceral 
motor and taste fibres. ' y 
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Sensory root. These fibres originate in the facial ganglion (geniculate ganglion) 
of the facial nerve where the fibres from the unipolar nerve cells divide into central 
and peripheral groups. The central group of fibres unite to form the sensory root 
which closely accompanies the motor root and enters the brain stem at the superficial 
origin of the facial nerve and ends in the sensory nucleus, the nucleus of the tractus 
solitarius of the medulla oblongata. The sensory nucleus is connected with the 
liippocampal gyrus in the region of the uncus. 

The sensory root contains taste fibres and preganglionic parasympathetic 
fibres (sccretomotor fibres) for the submandibular and sublingual salivary glands 
and for the lacrimal gland. 

Superficial origin. The two roots of the nerve are attached to the brain stem at a 
point between the olive and the inferior cerebellar peduncle. 

Intrapelroiis part. Course and relation. The two roots of the facial nerve from 
their attachment to the brain stem pass to the i nternal auditory meat us where the 
motor root lies superficial to the sensory root and the auditory nerve. "At die bottom 
of the meatus the two roots unite to form a single trunk and enters the f acial canal. 
In the canal it first passes laterally above the vestibule and reaches the medial wall 
of the tympanic cavity from where it curves abruptly backwards forming a bend 
(genu) and rum on the medial wall of the epitympanic recess for about 1/4 inch and 
then turns downwards forming a second bend or genu on the posterior wal 1 of the 
tympanic cavity. Then it emerges out of the temporal bone through die stylo- 
niastokLfornmen . As it passes backwards from the medial wall of the cavity to the* 
medial wall of the epitympanic recess it lies below the lateral semicircular canal and 
above the promontory, fenestra vestibuli and the fenestra cochlea. 

About 6 mm. above the stylo mastoid foram en it gives out its cho rda tvmp ani 
branch. As it descends on the posterior wall ol die tympanic fcavityTt gives a branch 
to the stapedius m uscle. 

From stylomastoid foramen to the face. After its exit from the stylomastoid 
foramen it crosses the styloid process and the external carotid artery and then enters 
into parotid gland and divides primarily into two branches from which five branches 
arc given out 'which emerge into the face under cover of the antero-medial surface Of, 
the gland. 

Communications: 

In the internal auditory meatus. With the stato-acoustic (auditory) nerve. 

At the facial ganglion, (a) With die pterygopalatine ganglion by the greater 
(superficial) petrosal nerve. (6) With die otic ganglion by a branch which joins the 
lesser (superficial) petrosat nerve, (c) Wth the sympathetic ganglion on the middle 
meningeal artery. 

In the facial canal. With the auricular branch of the vagus nerve. 

_ At its exit from the stylomastoid foramen. With the glossopharyngeal, vagus, great 
auricular, and auriculotemporal nerves. 

On the face. With the bnmchpJrom the trigeminal nerve. 

Behind the ear. With the lessCT^occipital nerve. 

In the neck. With the anterior cutaneous cervical nerve. 


Branches: 

IPiWr the facial canal. (I) Nerve to the stapedius muscle. (2) Chord3 
tympani. 

At its exit from the stylomastoid foramen. (1\ Posterior auricular. (2) Digastric 
(Posterior belly). (3) Stylohyoid. 

r n J aCC ’ ^ Temporal. (2) Zygomatic. (3) BuccaL (4) Mandibular. 
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Nerve la the stapedius. It arises from the facial nerve within the tympanic cavity 
opposite the pyramid on the posterior wall of the tympanic cavity and runs forwards 
in a canal to reach the muscle. 

Chorda tympani nerve . It arises from the facial nerve as it traverses through the 
posterior wall of the tympanic cavity and enters the tympanic cavity through an 
opening, the posterior canaliculus for the chorda tympani nerve which is situated on 
the posterior wall of the tympanic cavity about one-fourth inch above the stylomastoid 
foramen and corresponds to the level of the upper end of the manubrium of the 
malleus. 1 1 then rum forwards between the raucous and the fibrous layers of the tympa- 
nic membrane and crosses the manubrium of the malleus. It then comes out of the 
tympanic cavity through the anterior canaliculus for the chorda tympani nerve 
situated at the inner end of the petrotympanic fissure. After its exit it lies in a groove 
on the medial aspect of the spine of the sphenoid and runs downwards and forwards 
deep to the lateral pterygoid muscle. In this part of its course it lies on the lateral 
side of the tensor palati muscle and crosses the middle meningeal artery, roots of 
■’the auriculotemporal nerve and the inferior dental vessels and nerve. It then joins 
' the posterior border of the lingual nerve at an acute angle. Through the lingual 
nerve it supplies taste fibres to the anterior two-thirds of the tongue and sends out 
parasympathetic root to the submandibular ganglion through which it supplies 
secreto-motor fibres to the submandibular and the sublingual salivary glands. 
Before it joins the lingual nerve it receives a communicating branch from the otic 
ganglion. 

The taste fibres from the facial nerve. They reach the nucleus of the tractus soli- 
tarius (nucleus for taste) by two routes. From the anterior two-thirds of the tongue 
they run along with the lingual nerve to the chorda tympani nerve, then to the geni- 
culate ganglion and sensory root of facial nerve and finally reach the nucleus of the 
tractus solitarius. The taste fibres from the soft palate pass along the greater and 
lesser palatine nerves to the pterygopalatine ganglion, then to the pterygoid nerve, 
greater petrosal nerve, geniculate ganglion and sensory' root and finally reach the 
nucleus of the tractus solitarius. 



Fir, 834. The innervation of the submandibular and sublingua! salivary gbndt. With kind permit* 
*ian from Prof. W. H. Hollinshead, Ph.D., Anatomy far the Surgeons, Vol. I, Paul B. Hoc her INC. 

The setreU^molor fibres from the facial nerve. The fibres from the submandibular 
and sublingual salivary glands follow the taste fibres to the superior salivary' nucleus. 
Those from the lacrimal gland pass along with the lacrimal nerve, zygomaticotem- 
poral nerve, orbital branch of pterygopalatine ganglion, pterygoid nerve, greater 
petrosal nerve and along the geniculate ganglion and the sensory' root to the superior 
salivary nucleus (uncertain). 
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Posterior auricular nerve. It arises from the facial nerve at the stylomastoid 
foramen and ascends upwards over the mastoid process of the temporal bone and 
then divides into auricular and occipital branches. The auricular branch supplies 
the auricularis posterior and the intrinsic muscles on the back of the auricle. The 
occipital branch ascends upwards and backwards as far as the superior nuchal 
line and supplies the occipital belly of the occlpi t o-fro ntal is . 

Below the stylomastoid foramen it communicates with the auricular branch 
of the vagus, the posterior branch of the great auricular and the lesser occipital 
nerves. 


Digastric branch. It arises from the facial nerve at the stylomastoid foramen 
and running downwards and forwards for a short course breaks up into~b ranches 
which enter the posterior belly of the digastric. One of its filaments co mmu nicates 
with the glossopharyngeal nerve. 

Stylohyoid branch. It also arises at the stylomastoid foramen cither separately 
or in common with the digastric branch and soon enters the stylohyoid muscle at its 
middle part. 

Temporal branches. They come out of the upper part of the parotid gland and 
ascend upwards in front of the superficial temporal vessels by crossing the zygomatic 
arch. They supply the intrinsic muscles at the antero-lateral aspect of the auricle, 
the orbicularis oculi, the corrugator and the frontal belly of the occipito-frontalis. 

They communicate with the auriculotemporal, zygomaticotemporal and the 
lacrimal and the supraorbital nerves. 

Zygomatic branches. They run upwards and forwards to the lateral angle of the 
eye and supply the orbicularis oculi. They communicate with lacrimal and the 
zygomaticofacial nerves. 

Buccal branches. They are arranged into superficial and deep branches. The 
superficial branches run forwards beneath the skin and supply the superficial muscles 
of the face and join with the infra trochlear and the external nasal nerves. The deep 
branches run forwards beneath the zygoraaticus major and the levator labiisuperions 
and join with the infraorbital nerve to form the infraorbital plexus. They supply 
the buccinator, zygomaticus major et minor, levator labii superioris, Jcvator labii 
supcrloris alaeque nasi, leavator anguli oris and the orbicularis oris. 

Mandibular branches. They run forwards below the angle of the mandible under 
cover of the platysma and pass across the superficial aspect of the digastric triangle. 
Then they pass upwards and forwards crossing the body of the mandible and reach 
the deep aspect of the depressor anguli oris. They communicate with mental nerves 
and supply the muscles of the lower lip. 

Cervical branch. It leaves the lower part of the parotid gland and enters the 
neck where it runs downwards and forwards under cover of the platysma to the front 
of the neck and communicates with the anterior cutaneous branches of the cervical 
plexus arpKupplics the platysma muscle. 

\ **** facial nerve. It would be interesting to note how sympto- 

2^. l .^/ nani ' e3tal ' ons differ "hen the facial nerve is paralysed due to diseases or injury 
at different levels during its course. . The following manifestations have been noted 
when the nerve is injured at different levels. 


. 0) If Ihe lesion is supranuclear. When the connecting pyramidal tract fibres arc 
injured there is paralysis of the muscles of the lower part of the face of the opposite 


There is always associated hemiplegia. The muscles or the upper lace and the 
forehead escape because the facial nerve nucleus ha? bilateral connections from 
the pyramidal fibres. 

(2) If the lesion is in ike facial nerve nucleus. There is complete paralysis of the 
same half of the lace with the exception of the orbicularis orb. The latter muscle 
escapes because the nerve supplying this muscle has its nuclear origin from the 
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hypoglossal nerve and not from the facial nerve. After its origin from the hypoglossal 
nerve nucleus it joins the nuclear fibres of the facial nerve. 

(3) If the lesion is in the pons. There is complete paralysis of the same half of the 
face but the taste and hearing arc not affected. There may be associated paralysis 
of the abducent nerve because the facial nerve fibres during its course ascend over 
the abducent nerve nucleus forming colliculus facialis in the floor of the fourth 
ventricle. 

(4) If the lesion is in the petrous portion of the temporal bone . In this sensory fibres 
are also affected and in addition to the paralysis of the same half of the face there will 
be loss of taste in the anterior 2/3 or the tongue (patient cannot distinguish between 
bitter and sweet, acid and salt). There is associated paralysis of the stapedius muscles 
and hearing accuracy is lost. 

(5) If the nerve is affected at its exit from the stylomastoid foramen (Bell's palsy). 
There is complete paralysis of the same half of the face. The taste fibres are not 
affected because the chorda tympani nerve has already left the nerve about one- 
fourih inch above the stylomastoid foramen. 


THE STATO-ACOUSTIC (AUDITORY) NERVE 

The stato-acoustic (auditory) nerve is the eighth cranial nerve and is entirely 
sensory in function. It consists of two distinct divisions, cochlear and vestibular 
divisions. The cochlear division is, the. nerve of hearing whereas the vestibular 
division is the nerve of couilibrium. - 

Tbe two divisions of the nerve* a re attached to the brain stem in the transverse 
fissure between the pons and the medulla immediately in fiont of the inferior 
cerebellar peduncle and behind the facial nerve (superficial origin). 

Cochlear nerve and the auditory path. The central ^proccsscs of the bipolar 
cells of the spiral ganglioh constitute the cochlear nerve and its peripheral processes 
are distributed in the organ of cord of thcintemal car. From its origin, the cochlear 
nerve passes through" the internal acoustic (auditory) meatus along with the vestibular 
nerve and enters the medulla oblongata through the transverse fissure between the 
pons and the medulla immediately in front of the inferior cerebellar peduncle. In the 
medulla most of ils fibres cndTn the" ventral and dorsal cochlear nuclei.' 

The fibres ftom tfie.yentral cochlear nucleus ascend upwards in the pons where 
they partially decussate with the fellow of the opposite side like the optic nerve and 
then diverge from each'other to form a transverse band of fibres within the central 
part of the pons known as the corpus trapezoideum. 

The -fihrrs fi-nm th r dorsal c ochlear nucleus pass medially across^ the vestibular 
area and medial eminence on the floor of the fourth ventricle to reach the median 
sulcus and form the auditory striae in th buStuation. They then decussate with the 
fellow of the opposite-side in the median plane and ascend upwards in the pons to 
join the corpus trapezoideum. 

The upward continuation of the fibres of the corpus trapezoideum form the 
lateral lemniscus which passes through the tegmentum of the mid-brain and finally 
end in the inferior quadrigeminal body and the medial geniculate body. Relay 
fibres from here pass through the posterior part of the internal capsule behind the 
optic radiation fibres and end into the audito-sensory area on the temporal lobe of 
the brain (Transverse temporal gyri and the superior temporal gyrus). 

M.B. Sound vibrations after being received by the external ear arc propagated to the drum 
tvhich vibrates and transmits the same vibrations through the auditory ossicles to the fenestra vestibuli 
''here the base of the stapes by its oscilating movement sets up an intensified vibration in the endolyxnph 
a nd perilymph of the internal ear. The fluid vibration causes rubbing or friction between basilar 
membrane and a nerve impulse is generated which subsequently passed through the ramifications of 
tne cochlear nerve in the organ of corti and travel through it to the brain as stated above. 
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Vestibular division of the auditory nerve. The vestibular division of the 
auditory nerve is the nerve of equilibrium and forms the central processes of the 
Vestibular ganglion situated at the bottom of the internal auditor)’ meatus. The 
peripheral processes of the ganglion are distributed to the saccule, utricle and to the 
semicircular canals of the internal car. The vestibular nerve enters the brain stem 
nt the supeificial origin of the auditory nerve and lies medial to the cochlear nerve. 

The vestibular nerve from its superficial origin passes backwards through the 
pons between the spinal tract of the trigeminal nerve and the inferior cerebellar 
peduncle and then divides into ascending and descending branches which end into 
superior, infenor, medial and lateral vestibular nuclei. The lateral, medial and 
the inferior vestibular nuclei lie in close relation to one another opposite the vestibular 
area on the floor of the fourth ventricle whereas the superior nucleus extends into the 
pons. 

The efferents from the vestibular nuclei pass in four directions to establish 
vestibular connections with different parts of the body through different tracts 
which are as follow: 

(1) Vcstibulo-cerebellar tract. By means of this tract the vestibular apparatus 
is connected with the cerebellum. 

(2) Medial longitudinal bundle. By means of this it is connected with the 
nuclei of the third, fourth, sixth and the eleventh cranial nerves . 

(3) Vestibulo-spinal tract. By this the vestibular apparatus is connected with 
the anterior horn cells of the spinal nerves. 

(4) Fibres which join the corpus trapezoideum pass to the inferior quadrigeminal 
body through the lateral lemniscus. 


THE GLOSSOPHARYNGEAL NERVE 

It is the ninth cranial nerve and contains both sensory and motor fibres. It 
supplies secieto-motor fibres to the parotid gland, motor fibres to the stylo* 
pharyngcus muscle, sensory fibres to the tonsils and pharynx and sensory and taste 
fibres to the posterior one-third of the tongue. 

Superficial origin. It forms three rootlets which arc attached to the groove 
between the olive and the inferior cerebellar peduncle. 

Deep origin. The motor fibres of the glossopharyngeal nerve arise from the' 
upper part of the nucleus ambiguus situated within the reticular formation of the 
medulla oblongata. 

Morphologically the glossopharyngeal nerve consists of branchial motor, 
visceral motor, visceral sensory and taste fibres. The nucleus for the branchial 
motor fibres supplying the stylopharyngcus muscle is represented in the upper part 
of the nucleus ambiguus. The nucleus for the visceral motor fibres' (sccrcto-motor) 
supplying secretory fibres to the parotid gland is the inferior salivary nucleus whereas “ 
the nucleus for the taste fibres is the nucleus of the tractus solitarius. The nucleus 
for the visceral sensory fibres is probably represented by the sensor)' nuclei of the 
trigeminal nerve. 

Its sensory fibres form the central processes of the unipolar cells of the superior 
and inferior ganglia of the nerve, which enter the brain stem at the superficial origin 
of the nerve and end into nucleus of the tractus solitarius (concerned with taste) and 
into the sensory nuclei of the trigeminal or dorsal nucleus of the vagus nerve 
(concerned with general sensations). 

The glossopharyngeal nerve emerges on to the neck through the central part 
of the jugular foramen, antero-lateral to the vagus and accessory nerves. (In its 
transit to the jugular foramen it is lodged in the triangular depression on the inferior 
surface of the petrous part of the temporal bone). Then it runs forwards between 
the internal jugular vein and the internal carotid artery; then it descends downwards 
and forwards in front of the internal carotid artery and behind the styloid process 
^ and the styloid group of muscles (stylo-hyoid, stylo-glossus and stylo-pliaryngcus) 
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to reach the posterior border of the stylopharyngcus muscle. It then curves forwards, 
lying in front of the stylopharyngcus muscle to which it supplies and then passes 
in between the superior and middle constrictor muscles of tne pharynx and finally 
breaks up into branches to be distributed to the tonsil, mucous membranes of the 
pharynx and the posterior part of the tongue and the mucous glands of the mouth. v_ 



Fig. 835. The «ccreto-motor supply of the parotid gland. With kind permission from Prof Hollimheadt 
Anatomy for the Surgeons, Vol. I, Paul B. Hoeber INC. 


Branches: 

(1) Tympanic. It passes into the tympanic cavity through an opening on the 
ridge between the carotid opening and the jugular fossa of the temporal bone and 
forms the tympanic plexus with the carotico-tympanic nerves from the carotid 
plexus of sympathetic in the tympanic cavity and supplies the mucous membrane of 
the same and gives origin to the lesser superficial petrosal nerve and supplies 
communicating branch to the greater (superficial) petrosal nerve. Tire lesser 
(superficial) petrosal nerve joins the otic ganglion and fiom there its fibres arc 
communicated to the auriculotemporal nerve and through auriculotemporal nerve 
it supplies secreto-motor fibres to the parotid gland. 

(2) Pharyngeal branch. The pharyngeal branch joins with the pharyngeal branches 
of the vagus and sympathetics and with the external laryngeal nerve to form the 
pharyngeal plexus. Through the pharyngeal plexus it supplies sensory filaments 
to the mucous membrane of the pharynx. 

(3) Carotid branches. These are communicating with the pharyngeal branch 
of the vagus and the sympathetics to be distributed to the carotid sinus and carotid 
body. 

(4) Muscular. This is the -only muscular branch given by the glossopharyngeal 
nerve which supplies the stylopharyngcus muscle. 

(3) Tonsillar. It forms the tonsillar plexus with the lesser palatine nerve and 
supplies sensory filaments to the tonsil, soft palate and oropharyngeal isthmus. 

(6) Lingual. Two in number. They supply the vallate papillae and the 
mucous membrane of the posterior one-third of the tongue. It is the nerve of both 
general sensation and taste. 


THE VAGUS NERVE 

The vagus nerve is the tenth cranial nerve and consists of both motor 
and sensory' fibres. 

Superficial origin. It.is attached to the brain stem immediately below the glosso- 
pharyngeal nerve and lies in between the inferior cerebellar peduncle and the olive. 

T>np origin. The motor fibres of the nerve take their origin from the dorsal 
nucleus (mixed nucleus) of the vagus situated opposite the vagal triangle in the. floor 

63 
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of the fourth ventricle and also from the nucleus ambiguus. TCie motor fibres from 
the dorsal nucleus supply visceral efferent fibres to the bronchial muscles, the heart, 
oesophagus, stomach, small intestine and part of the large intestine. The motor 
fibres which arise from the nucleus ambiguus supply the cricothyroid, the muscles of 
the pharynx and larynx. 

The sensory fibres of the vagus nerve arise from the superior and inferior ganglia 
of the nerve and enter the medulla at the superficial origin of the nerve and end in 
the dorsal nucleus and carry visceral afferent fibres from all the viscera td which 
it supplies visceral efferent fibres, that is, from the larynx, pharynx, bronchi, lungs, 
heart, oesophagus, stomach and small intestine. The nucleus of the tractrn 
solitarius receives taste fibres from the taste-buds on both surfaces of the epiglottis 
and from the valleculac of the tongue through internal laryngeal nerve. 



Tig. 836. The thoracic cavity seen from the right tide. The lung hai been removed. Note the position 
of the atygos > cm and the vagus nerve in rotation to the root of the lung. With kind permission from 
Callander: Surgical Anatomy, 2nd Ed., 1939; W. B. Saunder’s Company: Philadelphia and London ^ 

Count and relation. From its superficial origin the vagus nerve passes laterally 
over the tuberculum jugulare of occipital bone to reach the intermediate compartment 
of the jugular foramen and lies behind the glossopharyngeal nerve and in front or the 
accessory nerve. 

At the jugular foramen it forms a ganglion, the superior ganglion of the vagt‘*> 
and then as it comes out through the jugular foramen it forms another ganglion, the 
tnfenor ganglion of the vagus. From the lower end of the inferior ganglion it des- 
cends vertically downwards up to the root of die neck. 

. . Opposite the carotid triangle it is contained within the carotid sheath where it 

is placed posteriorly in between the common carotid artery and the internal jugular 
vein. _ From the root of the neck the course and relations of the nerve vary on th fi 
two sides. 
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On the right side it crosses in front of the first part of (he subclavian artery behind 
the internal jugular vein and enters the thorax through its inlet. Then it descends 
downwards through the superior mediastinum behind the brachiocephalic vein 
to reach the postero-medial aspect of the superior vena cava where it lies to the 
right of the superior vena cava art! the terminal portion of the trachea. 
Then it crosses behind the right bronchus to reach the posterior aspect of the root 
of the lungs where it breaks up into branches which with filaments from the second, 
the third and the fourth thoracic ganglia form the right posterior pulmonary plexus. 
Then it descends as three or four branches from the lower end of the plexus to the 
posterior aspect of the oesophagus where it forms the posterior part of the oesophageal 
plexus with brandies from the left vagus nerve. Descending further downwards its 
fibres are reunited to form a nerve trunk, the posterior vagal trunk which enters the 
abdomen through the oesophageal opening in the diaphragm and then breaks up 
into gastric and coeliac branches. 


IffT BRACHIOCEPHALIC i INNOMINATE! 



On the Itfl side it enters the thorax between the left common carotid and the 
eft subsclavian artery and behind the left brachiocephalic vein. Then it crosses in 
ront of the arch of the aorta where it is crossed superficially by the left phrenic nerve 
ind by the left superior intercostal vein. Then it passes posterior to the root of the 
ung where it forms the left posterior pulmonary plexus like that on the right side and 
lescends on the anterior part of the oesophagus and forms the anterior part of the 
tesophageal plexus with the right vagus nerve. Descending further downwards its 
Sbres are reunited to form a trunk, the anterior vagal trunk, which enters the ab- 
domen through the oesophageal opening in the diaphragm and then divides into 
brandies which supply the stomach, duodenum, head of the pancreas, and the 
porta hepatis. 

Branches of the vagus nerve: 

At the jugular fossa ; 

Auricular. 

Meningeal. 
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In the neck: 

Pharyngeal. 

Superior laryngeal. 

Branches to the carotid body. 
Right recurrent laryngeal. 
Cardiac. 

Within the thorax: 

Left recurrent laryngeal. 
Cardiac. 

Pulmonary. 

Oesophageal. 

1 1'i/A tn the abdomen: 

Coeliac. 

Gastric. 

Hepatic. 


Auricular branch. The auricular branch arises from the superior ganglion of 
the vagus nerve in the jugular foramen and is soon joined by a small filament frora 
the inferior ganglion of the glossopharyngeal nerve. It then passes behind the 
interna! jugular vein to the lateral wall of the jugular fossa where it enters the mastoid, 
canaliculus and then runs through the substance of the temporal bone. In its course 
through the bone it crosses the facial canal at a point about 1/6 inch above the 
stylomastoid foramen where it gives out an ascending branch which joins the facial 
nerve. It comes out of the temporal bone through the tympanomastoid fissure and 
then divides into two branches, one joins the posterior auricular nerve and the other 
supplies the part of the skin of the posterior aspect of the auricle, the external auditory 
meatus and the external aspect of the tympanic membrane. 

Meningeal branch. It also arises from the superior ganglion of the vagus 
nerve and supplies the dura mater in the posterior cranial fossa. 

Pharyngeal. The pharyngeal branch arises from the upper part of the inferior 
ganglion of the vagus nerve and consists of fibres derived from the cranial root of the 
accessory nerve. It descends downwards between the external and internal carotid 
arteries to the upper border of the middle constrictor muscle of the pharynx where 
it breaks up into numerous branches which join with the pharyngeal branch of the 
glossopharyngeal, external laryngeal and branches from the sympathetic to form 
the pharyngeal plexus. Through this plexus it supplies all the muscles of the 
pharynx and ah the muscles of the soft palate except the tensor palati. One minute 
filament from this joins the hypoglossal nerve as it hooks round the occipital artery 
and is known as the ramus lingualis vagi. 

Superior laryngeal nerve. It arises from the middle of the inferior ganglion 
of the vagus nerve and receives its motor fibres from the accessory' nerve. Prom its 
origin it runs obliquely downwards and medially behind the internal carotid artery 
to the upper part of the thyroid cartilage. It ends by dividing into two unequal parts, 
a larger internal and a smaller external laryngeal' nerve. In its course the superior 
laryngeal nerve is joined by twigs from the sympathetic and pharyngeal plexus. 

Tht internal taryngtal n me runs downwards and medially to reach the hyo-thyroid 
membrane and then enters into the larynx by’ piercing the hyo-thyroid membrane 
immediately above the superior laryngeal artery’. In the larynx it divides into a 
superior and an inferior branch. The superior branch rum honrontally and suppbo 
the mucous membrane of the pharynx, both the surfaces of the epiglottis, the vallecula 
and the mucous membrane of the larynx as far as the vocal folds. The other branch 
descends in the medial wall of the piriform fossa and gives branches to the arycpiglothc 
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fold and (he mucous membrane covering the back of the arytacnoid cartilage and 
also supplies one or two twigs to the arytacnoid muscle. 

The external laryngeal nerve descends downwards behind the superior thyroid 
artery and lies under cover of the sternothyroid muscle. It at first lies on the inferior 
constrictor muscle of the pharynx and then pierces it and finally winding lound the 
inferior thyroid tubercle it enters the cricothyroid muscle and ends by supplying it. 

Although it supplies mainly the cricothyroid muscle, it provides muscular 
branch to (he inferior constrictor muscle of the pharynx and a communicating branch 
to the pharyngeal plexus and to the superior cardiac nerve. 

Branches to the carotid body. They are minute filaments which arise from 
either the inferior ganglion directly or they pass through the pharyngeal branch 
and are distributed to the carotid body. 

The recurrent laryngeal nerves. The recurrent laryngeal nerves are two in 
number, right and left, and each arises from the corresponding vagus nerve. The 
two nerves differ from each other, as to their place of origin, course and relation. 
Hie right recurrent laryngeal nerve arises in the neck from the right vagus while the 
left arises from the left vagus nerve in the thorax. 

The right recurrent laryngeal nerve. It arises from the right vagus nerve in the 
seek and hooks round below the first part of the right subclavian artery and ascends 
jpwards ciossing posterior to the artery. It then passes obliquely upwards and 
medially behind the common carotid artery and reaches either in front of or behind 
the inferior thyroid artery or its branches or it may He between its branches. Then 
it reaches the side of the trachea and ascends upwards in the groove between the 
trachea and the oesophagus being related to the medial side of the lobe of the thyroid 
inland and then pierces the inferior constrictor muscle of the pharynx and enters the 
larynx behind the articulation between the inferior cornu of the thyroid and the 
cricoid cartilage. 



Fig. 833. Schema of the distribution of the recurrent laryngeal nerve. With hind permission from 
Prof. HolHnshcad, Ph/D., Anatomy for the Surgeons, Vol. T, Paul B. Hoeber INC. 

(1) Cardiac branches arise as the nerve winds round the subclavian artery and 
course downwards alongside the trachea to end into the deep part of the cardiac 
plexus. 

. (2) Communicating branches to the inferior cervical ganglion of the sympathetic 
arise from the nerve behind the subclavian artery. 
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(3) Muscular branches supply the trachea, oesophagus and the inferior constricts 
muscle of the pharynx. 

(4) Terminal branches supply all the muscles of the larynx (except the crico- 
thyroid) and communicate below the lamina of the thyroid cartilage with the 
branches of the internal laryngeal nerve and supply the mucous membranes of the 
larynx below the vocal fold. 

The left recurrent laryngeal nerve. It arises from the left vagus nerve as it crosses 
the arch ol the aorta and then hooks round below the arch of the aorta lateral to the 
ligamentum arteriosum. It ascends upwards in the groove between the trachea 
and the oesophagus to the neck where its course and relations are similar to that cl 
the nerve of the right side. The branches of distribution are the same as those of tht 
right nerve The cardiac branches arise from the vagus nerve both in the uppa 
and lower parts of the neck and are divided into superior and inferior branches. 

The superior branches join with the cardiac branches of the sympathetic trucl 
and end m the deep part of the cardiac plexus. 

The inferior branches from the right side pass in front of the innominate artet] 
and end in the deep part of the cardiac plexus. Those from the left side cross fe 
front of the arch of the aorta and end in the cardiac plexus. 

Pulmonary branches. They form anterior and posterior branches whid 
end in the corresponding pulmonary plexuses. 

Oesophageal branches. They form oesophageal plexus both in front e 
and behind the oesophagus. 

Gastric branches. The gastric branches supply the stomach and form anterio 
and posterior gastric plexuses. The antero-superior surface is supplied by tn 
branches from the left vagus nerve while the postero-inferior surface is supplied h 
the branches from the right vagus nerve. The pyloric canal, the pyloric antrum am 
the first part of the duodenum are supplied by brandies from the hepatic branebe 
of the vagus nerve. 

Coeliac branches. They are distributed to the coeliae ganglion and ar 
derived from the right vagus nerve. 

Hepatic branches. They arise from both the vagus nerves and join in tb 
hepatic plexus through which they pass to the liver. 


THE ACCESSORY NERVE 

It is the eleventh cranial nerve and is entirely motor in function. 

Origin. It arises by two roots, cranial and spinal. 

Cranial root. It arises from the lower part of the nudeus ambiguus (deep origin) 
and emerges from the medulla below the vagus nerve (superficial origin). From its 
origin at the brain stem it passes laterally to the jugular foramen where it -unites 
with its spinal root and is also connected with the superior ganglion of the vagus 
nerve by one or two filaments. Then it passes through the jugular foramen and 
after its exit from the same it is separated from the spinal root and is distributed to 
the inferior ganglion of the vagus nerve. It is through the pharyngeal, recurrent 
laryngeal and cardiac branches of the vagus nerv c that the accessory nerve supplies 
its motor filaments to the muscles of the soft palate, intrinsic muscles of the larynx 
and the musculature of the heart. 

Spinal root. It arises from an elongated nucleus situated at the anterior grey 
column of the spinal cord extending up to 'the level or fhcTiTth^cervicarncrve. The 
rootlets of the nerve mute to form a trunk which ascends upwards through the 
Foramen ^magnum behind the vertebral artery and reaches the jugular foramen 
where it is united with its cranial root, and passes through the intermediate compart* 
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merit of the jugular foramen and after its exit it leaves its cranial root and lies either 
superficial or deep to the internal jugular vein. In this situation it crosses the 
transverse process of the atlas, being itself crossed by the occipital artery. It then 
descends obliquely behind the styloid process, the stylohyoid and the posterior belly 
of the digastric muscles and accompanying the upper sternomastoid branch of the 
occipital artery it reaches the sternomastoid muscle and enters its deep surface. In 
its course through the muscle it is joined by a branch from the second cervical and 
provides muscular branch for the sternomastoid muscle. It emerges from the 
muscle from opposite the middle of its posterior border and descends obliquely 
tlurough the posterior triangle and lies on the levator scapulae muscle. Here the 
nerve is superficial, being only covered by skin, superficial fascia and platysma and 
is joined by the communicating branches from the second and the third cervical 
nerves. Finally about 5 cm. above the clavicle it disappears into the deep surface 
of the trapezius muscle under cover of its anterior border. On the deep surface of 
the trapezius it forms a plexus with the brandies from the third and the fourth 
cervical nerves from which the muscle is enervated. 


THE HYPOGLOSSAL NERVE 

It is the twelfth cranial nerve, entirely motor (somatic) in function and supplies 
all the muscles of the tongue except the palatoglossus. 

Deep origin. It arises from the Jiypoglossat nucleus situated in the hypoglossal 
triangle at the lower pan of the floor of the fourth ventricle. 

Superficial origin. The rootlets of the nerve emerge from the brain stem through 
theantero-I ateral su lcus between the pyramid and olive of the medulla oblongata. 

Course end relation. The fibres of the nerve arc arranged to form two roots which 
pass laterally behind the vertebral artery and pierce the dura mater separately and 
then pass through the hypoglossal (anterior condyloid) canal at the lower part Qf 
which the 'two roots unite to form a single nerve trunk. Here the nerve lies deep to 
internal carotid artery, internal jugular vein, vagus, accessary, and glossopharyngeal 
.nerves. The nerve nextjtumsjatcrally behind the internal carotid artery, vagus and 
glossopharyngeal nerve to reach th'e interval between the internal jugular vein and 
thcititernal carotid'artery. Then the nerve descends downwards as far as the angle 
of the mandible" where it turns ^medially hooking the lower sternomastoid branch of 
the occipital artery. 

Then it turm’further medially crossing the occipital, external carotid and the 
loop of. the Jingual arteries. Then it ascends upwards beneath the posterior belly 
of digastric, stylohyoid' and the posterior part of the mylohyoid to gain the super - 
ficjaLa urface of th e hypbglossus muscle which separates it from the second part of 
the lingual artery. Hereihe lingual nerve and the submandibular duct are placed 
above the hypoglossal nerve. Finally, it pierces through the fibres of the genioglossus 
to reach the tip ofjthe tongue where it ends by dividing into muscular branches. 

Branches: 

(1) Meningeal branch. It arises from the hypoglossal nerve as it traverses 
through the hypoglossal canal and ascends to enter the cranial cavity where it 
supplies the dura mater of the posterior cranial fossa. 

(2) Descending branch. It descends through the carotid sheath carrying fibres 
from C! and after supplying a branch to die superior belly of the omohyoid it unites 
with the descendant cervicalis from the second and the thud cervical nerves to form 
the ansa cervicalis (hypoglossi). From the ansa branches are given to sternohyoid, 
sternothyroid, and the inferior belly of the omohyoid. 

(3) Thyrohyoid branch. This is an independent branch which carries fibres 
from Cl for the same muscle. 
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Tig 039. The dissection of the anterior triangle of the neck. Right side. Note the position of 
the hypoglossal ner\e With kind permission from Callander- Surgical Anatomy, 2nd Ed , 1939; 
W. B S.iunder's Company, Philadelphia ana London. 


(4) Muscular. These arc branches given to supply styloglossus, hyoglossus, 

%vriwgtV£N&, %w.ycAyj-5//A, viA WtTtinafi Tccabvdihi brar/dwts. to afi 

the intrinsic muscles of the tongue. 

(5) Communicating branches arc given to lingual, first and second cervical, 
sympathetic and vagus nerves. 


THE SPINAL NERVES 

The spinal nerves are attached to tire, medulla spinalis (spinal cord) in sentf 
from above downwards on its either side and consist of thirty-one pairs of nerves 
which arc grouped as cervical 8, thoracic 12, lumbar 5, sacral 5 and coccygeal 1. 

Position in relation to the vertebrae. The first cervical nerve lies on the 
posterior arcli of the atlas below the occipital bone and is known as the subocdpilal 
nerct. The eighth cervical nerve lies between the seventh cervical and the first 
thoracic vertebrae anti the other cervical nerves are named numerically equivalent 
to the number of the \ ertebra that lies below it. All other spinal nerves are named 
numerically after the numerical value of the vertebra that lies above it. 
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Formation,- Each spinal nerve consists of two roots, ventral and dorsal, by 
{ means of which it is attached to the medulla spinalis, which unite together at the 
intervertebral foramen to form the nerve trunk. 

-• Astcrior root. .Attachment. It is attached to the anterior surface of the 
medulla spinalis by several irregularly scattered nerve fibres. It is more slender 
than the posterior root, 

' Functional components and origin. Functionally, the anicriot root is motor in 
function and consists of somatic and visceral autonomic efferent fibers. The 
somatic efferent fibres arise from the multipolar cells of the anterior horn of the 

• medulla spinalis whereas the vi«ccral efferent fibres have their cells of origin in the 
lateral horn. DevdnpmcntaHy the anterior root fibres arc the derivative of the 
basal lamina of the neural tube. 

Posterior root. Attachment and size. The posterior root » attached to the 
posterolateral sulcus of the medulla spinalis by several nerve fibres and the attach- 
ment is more precise and orderly than the anterior root. It is larger in comparison 
jto the anterior root and is characterised by the presence of a ganglion. 

, Functional components and origin. Functionally, the posterior root is sensory and 
- carries both somatic and visceral afferent fibres. The fibres of the posterior root 

- form the central processes of the cells of the posterior root ganglion winch terminate 

• by synapse around the cells of the posterior horn of the medulla spinalis. Devclop- 
mentally the posterior root is the derivative of the neural crest. 

The posterior mot ganglion. Each ganglion is roughly oval in form, and with the 

- exception of the coccygeal nerve all the ganglia fie outside the dura mater although 
’ they receive investments from the latter. The cells of the ganglia are of unipolar 
1 type whose central processes are attached to the medulla spinalis whereas their 

peripheral processes unite with the anterior root. 

- Connections, Each spinal nerve receives a branch (grey ramus comma- 
1 means) from the corresponding sympathetic ganglion, and all the thoracic and the 
•. firstand thesecond lumbar nerves provide, each, a branch (white ramus communicant) 
i to the corresponding sympathetic ganglion. The second, third and the fourth 
. Sacral nerves provide autonomic branches which instead of joining w-ith the cor res - 
\ ponding sympathetic ganglion join with pelvic plexuses of autonomic system. These 
' autonomic branches from the second, third and the fourth sacral nerves carry parn- 
; sympathetic fibres and are known as the pelvic spalnchmc nerves. 

■; Divisions. Each spinal nerve immediately a her its exit from the inter- 
i vertebral foramen provides a meningeal branch which re-enters the vertebral canal 
' and it distributed to the spinal meninges and then at once divides into ventral and 
dorsal rami or divisions. 


j - THE DORSAL DIVISIONS OR RAMI OF THE SPINAL NERVES 


• . - The dorsal rami (posterior primary rami) of thespinal nerves arc usuallysmaUer 

| than the ventral rami except in case of the 1st cervical nerve where the dorsal ramus 
{ rs larger than the ventral one. Each of the dorsal rami divides into medial and 
j. lateral branches except the first and the last spinal nerves and the fourth and the 
.* , fifth sacral nerves. They supply both muscles and the skin. 

, DORSAL RAMI OF THE CERVICAL SPINAL NERVES 

The dorsal ramns of the first cervical nerve. It differs from the Other 
dorsal branches in many respects. (1) The dorsal branch of the first cervical nerve 
» larger than its ventral branch. (2) It docs not split into medial and lateral 
brandies. (3) It hits no direct cutaneous branch. 


human anatomy 


1032 

It lies in the floor of the suboccipital triangle and lies below and behind the dure 
part of the vertebra! artery. It provides muscular branches which supply the muscle 
of the suboccipital triangle namely, rectus capitis posterior major ct minor, obliqua 
capitis superior et inferior and the semispinalis capitis. It also supplies a com 
municating branch which descends downwards to join with the second cervical nerv 
^greater occipital). 

The dorsal brancli of the second cervical nerve. It is also larger thai 
its ventral branch. It runs backwards between the atlas and the axis and lie 
between the obliquus capitis inferior and the semispinahs ccrvicis under cover c 
flic ‘.emispinalis capitis and then divides into muscular and communicating 
branches. The muscular branches supply the semispinahs . capitis et ccrvicis, 
die obliquus capitis inferior and the multifidus. Its communicating branch cora- 
municatcs with the first cervical, great auricular, lesser occipital, _ posterior auricular 
and the third occipital nerves. After providing branches it is continued as the 1 
greater occipital nerve which pierces thiough the semispinalis capitis and the 
trapc7ius and then accompanies the occipital artery and finally becomes cutaneous 
which supplies the scalp in the posterior region and ascends upwards as far as the 
vertex of the skull. 



The posterior or dorsal branch of the third cervical nerve. 1 1 divides into a 
medial, cutaneous branch, and a lateral, muscular branch. Its medial cutaneous 
branch is known as the third occipital nerve which runs backwards and medially 
to supply the skin of the neck and scalp on the dorsal region. Its muscular branches 
supply the adjacent muscles. It communicates with the greater occipital nerve. 

The dorsal branches of the remaining cervical nerves. The dorsal 
branches of the fourth, fifth, sixth, seventh and the eighth cervical nerves divide 
into medial cutaneous and lateral muscular branches under cover of the semispinalis 
capitis. The cutaneous brandies run backwards and end by supplying’ the skin 
of the dorsal region of the neck adjoining the median plane. The cutaneous branches 
or the lower two nerves may fail to reach the skin in some cases. The lateral muscular 
branches supply the lliocostalis ccrvicis, iongissimus ccrvicis et capitis. 
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THE DORSAL RAMI OR BRANCHES OF THORACIC NERVES 

The dorsal rami of the thoracic spinal nerves divide into medial and lateral 
branches. The medial brandies are cutaneous in the upper six or seven thoracic 
nerves while in the lower five or six thoracic nerves the reverse is the case in which 
the lateral branches are cutaneous while their medial branches are muscular. The 
medial branches of the upper thoracic nerves pierce the rhomboideus and trapezius 
and deep fascia and then they become cutaneous and supply the skin adjoining the 
spines. The corresponding lateral branches end by supplying the deep muscles 
of the back. The lateial branches of the lower series are cutaneous and they 
gradually become longer and more oblique from above downwards. They supply 
the longissimus thoracis, iliocostalis cervicis and the levatores costarum, pierce these 
muscles and then become cutaneous. The lower nerves of this series also pierce 
the serratus posterior inferior before becoming cutaneous. The lateral branch 
of the twelfth thoracic nerve crosses the iliac crest and then ends by supplying the 
skin in the anterior part of the buttock. 


THE DORSAL RAMI OR BRANCHES OF THE LUMBAR NERVES 

The dorsal rami of the lumbar nerves also divide into lateral and medial 
branches. 

The medial branches are short and they end by supplying themultifidus muscle. 

The lateral branches of the upper three lumbar nerves are cutaneous and thev 
supply the errector spinae (sacrospinalis) and running laterally and downwards 
through the fibres of the same muscle they become superficial by piercing the lum- 
bar fascia above the iliac crest a short distance in front of the posterior superior iliac 
spine. They descend on to the gluteal region and supply a strip of skin extending 
from above the iliac crest to the distal and posterior part of the greater trochanter 
of femur. The dorsal branches of the lower two lumbar nerves only supply the deep 
muscles of the back. 


THE DORSAL RAMI OF THE SACRAL AND COCCYGEAL NERVES 

The dorsal rami of the first three sacral nerves divide into lateral cutaneous 
and medial muscular branches. The medial muscular branches end by supplying 
the multifidus jcnusrJr. The Jateeal cutaneous branches unite with one another and 
the first also joins with fast lumbar nerve, and the third sacral with the fourth to 
form a loop. Branches from this loop pierce the sacrotuberous ligament and then 
form another loop which pierce the gluteus maximus muscle and supply the skin 
in the sacral region and the adjoining gluteal region. 

The dorsal rami of the fourth and the fifth sacral nerves do not divide into 
brandies but they are united together to form a loop which joins with the coccygeal 
nerve to form a single trunk which pierces the sacrotuberous ligament and then end 
by supplying die skin and fascia in the region of the coccyx. 


THE CERVICAL PLEXUS AND ITS BRANCHES 

The anterior primary rami of the first four cervical nerves arc connected to each 
other to form loops which constitute the formation of the cervical plexus. The plexus is 
situated in front of the upper four cervical vertebrae, scalenus medius, leva tor scapulae 
and the rcctrn capitis lateralis muscle and is overlapped by the sternocleidomastoid 
muscle and the internal jugular vein. Each nerve at its emergence from the 
intervertebral foramen is joined bv the grey rami commumcans from the superior 
cervical sympathetic ganglion. 
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Irom the loops of the plexus the branches of distribution arise as (1) cutaneous 
branches to the head, neck and shoulder; (2) muscular brandies to muscles of th< 
neck and to the diaphragm and (3) communicating branches to vagus, accessory 
hypoglossal and sympathetic nerves. — ' * “ * ‘ 


Cutaneous branches — 

A. ^Asrendinp branches (C.2.3) 

{ 1 ) Lesser occiptal nerve 

(2) Great auricular fierve 

(3) Anterior cutaneous nerve 

Muscular branches — 

A Lateral branches 

( 1 ) Muscular branches to 
Sternocleidomastoid (C.2) 

(2) Tiapezius (C.3,4) 

(3) Levator scapulae (C.3,4) 

(4) Scalcni (medun and posterior) 

(C.3,4.) ^ 


B. Descending branches (C.3.4) 

( 1 ) Supraclavicular nerves 


B. Ale dial branches 

(1) Muscular to prevertebra! 
muscles (C.1,2, 3, 4). 

(2) Infrahyoid muscles (C. 1,2,3) 
(ansa cervicrlis) 

(3) Diaphragm (C.3,4,5) 
(Phrenic nerve) 


Communicating branches— 

To Accessory nerve (C.2, 3,4) 

To Vagus (C. 1,2) 

To Hypoglossal nerve (C.1,2) 

To Ansa ccrvicalls (hypoglossi) (C.2,3) 
To Sympathetic (C.1,2, 3, 4) 


*2 Jr*!* L t eSSer occ *P i f al ncrve - arises from the third or the second cervical 
S' "? t look,n S round the accessory nerve ascends upwards along the posterior 
the sUn ? rnoclcrdom^tmd muscle and divides into branches wliic/t supply 
Strirnl^r =2, C t nng hea ? . bc , hmd the auricle. It communicates with the great 
the fadal nerve^ 31 ^ ° CCipita nerves and ‘he posterior auricular branch of 

nmi.LS’f. 11 arises from the second and third cental 

deStkwl* round posterior border of the sternocleidomastoid under the 
tSelt ^?J? nyu ¥ 'ho <=stenial jugular vein reaches the parotid gland 
toSisunStath .1 ,hr ". bra ; d r' «“*■!. auricular and mastoid. XI . tficicl 
itahesSanee^ n T' r , ,nS -‘t'i 0 T rpart o rth cP a '<> t M gland and communicates 
kin rover Z f I S T",' ,hc ^a! m The a»,kula, harsh supplies the 
he sUn cSr la S T i' hc '°"' r part ° r Oie ear. The masloid bra Applies 
co^unStt mi, ,h"‘, 0,d P ro "f s .° f 1 lh ' temporal bone. The last two branches. 

SSTAfwS rATst. 1 * 1 "' vagm 

the n ' rTe ?£ tl,e ■«<*• 1« arises from the second and 

cleidomastoid «« an % C fP sscs ® bb< l u riy the superficial surface of the streno- 

fascia divides into urmr* 1 * * t roiddlcof its extent and then piercing the deep 

the cervical branch of the facial nm-e^ S brzDcha communicate with 

and di'e^fourth ctuvir-ii a ” s 5 b y a common trunk from the third 

erves which emerge from under cover of the posterior border . 
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triangle as well in the back on the deep surface of the muscle. The branches fit 
third and the fourth cervical nerves supplying the levator scapulae enter Into i J 
lateral surface as two branches in the posterior triangle. The scalenus medius * 
posterior are also supplied by branches from the tliird and the fourth cervical nerve 

Medial muscular branches. The longus capitis and the rectus capita 
anterior and lateralis, muscles of the prevcrtcbral group, are supplied by sma’l 
branches coming from the loop between first and the second cervical nerves. Th? 
longus capitis also receives branches from the third and the fourth nerves as well- 
The longus ccrvids receives branches from the second, third and the fourth cervical . 
nerves. The scalenus medius and posterior receive branches from the third and the > 
fourth cervical nerves. The phrenic nerve arises from the third, fourth and the'i 
fifth cervical nerves and is distributed mainly in the diaphragm and has been describ- 
ed below. 

Communicating branches. They communicate with the vagus, accessory 
and hypoglossal nerves and with the superior cervical sympathetic ganglion. 

The inferior ganglion of the vagus receives a communicating branch from the loop 
between the first and the second cervical nerves, 

The accessory nerve receives a communicating branch from the second. cervical 
next e under cover of the sternocleidomastoid muscle; in the posterior triangle • 
receives communicating blanches from the third and the fourth cervical nervt 
under cover of the trapezius it also receives communicating brandies from the 
third and the fourth cervical nerves which carry proprioseptive sensations from the 
trapezius. 

The hypoglossal nme receives a communicating branch from the loop between 
the first and the second cervical nerves at its exit from the hypoglossal canal and . 
carries fibres mostly from the first cervical nerve. Some of these fibres enter the 
cranial cavity along with the hypoglossal nerve and leaves it as its meningeal branch 
which supplies the dttra mater in the posterior cranial fossa. Other components of 
die cervical nerve leave the hypoglossal nerve as the muscular branches to the 
geniohyoid and thyrohyoid and as the upper root of the ansa cerciealis {ramus dcsccndcns 
ceriicalis) in the carotid triangle. The upper root of the ansa cervicalis descends 
in front of the carotid sheath, supplies the superior belly of the omohyoid and joins 
with the branches from the second and the third cervical nerves in front of the 
carotid sheath, which form the lower or inferior root of the ansa cervicalis, to form 
the ansa cervicalis. Branches from the ansa cervicalis supply the sternohyoid, sterno- 
thyroid and the inferior belly of the omohyoid muscle. 

Each of the upper four cervical nerves receives a grey ramus communicans 
from die superior cervical sympathetic ganglion. 

The phrenic nerve. It b a mixed nerve and carries both motor and sensory 
fibres. It arises in the neck from the anterior primary rami of the third, the fourth 
and the fifth cervical nerves but majority of its fibres are derived from the fourth 
cervical nerve, 

After being formed at the lateral border of the scalenus anterior muscle, the 
phrenic nerve descends in front of that muscle to. the root of the neck; then it enters 
the thorax by crossing the internal thoracic artery from lateral to medial side and 
then descends vertically downwards in front of the root of the lungs to reach the 
diaphragm muscle where it ends clucfiy by supplying this muscle although some of 
its filaments are continued. downwards in the abdomen to end into the cocliac plexus. 
According to its situation it may be divided into cervical and thoracic portions. 

Relation (Ccriical portion). In the neck it descends obliquely downwards «v 
front of the scalenus anterior muscle and is covered by the sternomastoid and the 
inferior belly of the omohyoid muscle. In its course downwards it is crossed trans- 
versely by the suprascapular and transverse cervical arteries. At the root of the 
neck and on the left side it passes in front of the first part of the subclavian artery 
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r.ri intervenes between it and the subclavian vein and is crossed by the thoracic duct j 
oi'ithe right side it is separated from the second portion of the subclavian artery by 
tta scalenus anterior muscle. 

Thoracic portion. In the thorax the phrenic nerve is accompanied by the peri* 
ci .diaco-phrenic vessels and the two nerves differ from each other in their course 
and relation. The left phrenic nerve is usually more oblique and larger than the 
»ht owing to the heart being placed more on the left side than the right side and 
le diaphragm being more on a lower level. Besides this they also differ in their 
elations. 



Fig. 842. Some relations in front of the scalenus anterior muscle on the left side. Note the position 
of the phrenic nerve. With hind permission from W. H. Hoiiinshead, Ph D , Anatomy for the 
Surgeons; PaulE- Hoeber INC 

Left phrenic nene. The left phrenic nerve descends downwards in between the 
left subclavian and the left common carotid arteries and crosses superficial to the 
vagus nerve and the arch of the aorta. In this situation it is crossed deeply by the 
left superior intercostal vein. Then the nerve lies in intimate contact with the peri- 
cardium which separates it from the left ventricle of the heart. 

Right phrenic nerve. The right phrenic nerve is more deeply seated and is placed 
on the right side of the right innominate vein and the superior vena cava; it then 
descends on the right side of the pericardium which separates it from the right 
atrium of the heart. 

Each phrenic nerve provides some pericardial and pleural branches in spite 
ofits principal supply to the diaphragm muscle. In the neck it is joined by a branch 
from the sympathetic. 

■N-B. ’Dus is to note that the phrenic nerve is the only motor nerve supplying the diaphragm while 
the supply it derives from the lower six or seven intercostal nerves arc sensory in function for the peri- 
pheral portion of the diaphragm. The phrenic also supplies sensory filaments to the central portion 
of the diaphragm. A few branches from the right plirenic nerve descend in the abdomen and join 
with the phrenic branches of the coeliac plexus to tom the phrenic ganglion from which branches 
are given olT to the right suprarenal gland, coronary and falciform ligaments and the right part of the 
inferior \ena cava. Similar branches from the left phrenic nerve join with the phrenic branches of 
coeliac plexus without any gangliform enlargement and supply the left spurarenal gland. 


THE BRACHIAL PLEXUS OF NERVES 

Formation. Th e brachial plexus is formed by the union of the anterior prim an' 
rami of the lo wer fouTgcfvica lJtcrves and the greater part of the anterior primary 
ramus of the first thoracic nerve. The most usual aod almost constant jmode of 
urnon between the nerve roots and their subsequent arrangements are as follow?: 
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Fi B . M3 A schematic drawing of the brachial plexus of nerves with in branches 
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nereemmle^' t A V, ■ r™ ‘r " hunk °f The first thoracic 

rerelAl ffr ™ !t d * '"‘s, P™"! 'fre second thoracic nerve, unites with the dsht 

rfdles^eSram^oe^tS . ° J P " hich " p,accl1 btnra,h ,he ,0 " cr pa " 
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and the cords. Tire nerve roots of the fifth and the sixth cervical nerves close to 
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scalenus mcdius muscles. In this situation the upper and the middle minks tit 
above the third part of the subclavian artery while the lower trunkjife behind tic 
artery. As it passes behind the clavicle and the subclavius muscle it is crossed ty 
die suprascapular vessels and lies upon the first dictation of the serratus anterior 
and the subscapularis muscle. 

In the axilla the plexus at first lies upon the first and part of the second 
dictations of the serratus anterior, then on. the subscapulags . . an d. th e-tercs major 
muscles. The lateral and the posterior cords .of-.the -'ptcxQ sJie on the lateral tide 
of the first part of the axillary artery while die’ me dial cordites posterior to i k Op- 
posite the second part of the axillary artery ft is covered by the pcctoraUs minor 
muscle and the three cords surround the three sides of the artery according to their 
name. The medial cord intervenes between the axillary artery and the vein. In 
the lower part of the axilla the branches of the plexus bear the following relations 
with the third part of the axillary artery. The musculo-culaneous nerve and tV.c 
lateral root of the median lie on the lateral side of the artery. The radial and the 
axillary j circumflex) nerves lie posteriorly. Medial to the artery are the ulnar nerve 
and the medial cutaneous nerve of the forearm w hich intervene between it and the 
axillary vein. Of the two nerves the ulnar nerve is posterior and the medial cutaneous 
nerve of the forearm is anterior. The medial cutaneous nerve of the arm lies on 
the medial aspect of the axillary vein which separates it from the ulnar and the 
medial cutaneous nerves of the forearm. 



The trank of the median nerve is formed either in front of or on the lateral side 
of the third part of the axillary artery. 

> The brandies or the brachial plexus are grouped into supraclavicular and 
mfraclavicular branches according to their origin above and belolv the clavicle. 1 
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no ra clavicular branches— 

(1) Arisino ruoM the nerve roots 

( a 1 Anterior branches 

(i) Nerves to scalemw anterior 

U and longus cervicis. 

Communicating ncr ^ 

^ ' join the phrenic ^cr\c. 


(b) Posterior branches 

(i) Nerve, to scalenus medius ct 

(«) CsMs'caputar nerve (Nerve 
' ' to the rhomboids.) 

(HO Long thoracic ne<vc (Nerve_to_ 

1 ' the serratus anterior). 


(2) ARts.no most in* ««« trunk ^ ^ uppcr trunk of the brachial 
(i) Nerve to the suhclavtut. 1 ,„ us . 

A*\ c..r-.r-><tr.nnular nerve. I * 


rn Nerve to tnc 

(ii) Suprascapular nerve. 

Infra clavicular branches- 

From the lateral cord — 

1. Lateral pectoral. 

2. Lateral root of median.^ 

3 Musculocutaneous. 


From the medial cord 
!• median. >1 ’ 

4 & cutaneous nerve of the 

Medial ' cutaneous nerve of the 
arm. 


From Ih! wi ~~ 

1. Radial. . 

2. Axillary (Circum^) ncrvC s. 

4. V hC ’ ati5SimU5 of injury to the brachial 

Injury to the brachial npneadilllb/wound bbth^VYhen 

he brachial plexus is ? trctc £". .Re nerve trunk is stretched ° h Erb’s point 

Sd.it is the Erb’s I»' nt r ^and si” * cervical ^““^““tite to form the 
or union between the fifth a and sixth cervical So four ncrvrn 

where^ix-ncrvcsJQeeE-^^j/'nntcrior and posterior hr CT the trunk and 

upper trunk which divides e ar jses from the U PP . F the Erb’s point 

mmt here, and the suprascapular nerv^ arising out of injury 

the nerve to the subdayi ihc signs and symP , , up p C r arm type or 

other nerves may also bemvoW. ^ nve nienl!y d.v.dedmto ( ) (he tot al arm 

ltSS£i£WS2- - - " eS W ‘ m the Erb’s 

w ‘■ jdm— . iu 

(51 Brachialis. i 


(1) Deltoid. 

(2) Supraspinatus. 

(3) Infraspinatus. 

(4) Biceps brachii. 


(51 Brachialis. . 

(61 Co racobrachtahs . 

(7) BracWoradialis. 

(8) Supinatorw 


W , . -j 

Dffinmtt- ,4 ioi „ t U impossible due » P^V* dd '°' 

(1) Abduction of .the shoulder j remains adducted, 

a and consequently the a 
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(2) Flexion of the elbow is impossible due to paralysis of the biceps ^m<i bra 
chiahs and the forearm remains extended, 

(3) Forearm is pronated due to paralysis of both the supinators of the forran 
(Biceps and supinator). 

(4) Hand is flexed at the wrist and at the digits due to partial involvement < 
the extensors. 

The actual deformity is that the hand hangs by the side with arm mediall 
rotated, with the forearm completely pronated and the hand and fingers, partially | 
flexed (“Porter Man’s Tip” hand). ' 

Klumpkc's type or lower arm type of paralysis . In this type of paralysis usually the 
first thoracic nerve or the lowest trunk of the brachial plexus is^ involved during 
sudden raising of the point of shoulder, and consequent upon the injury of the first 
thoracic nerve the white ramus communicans to the cervical sympa the lies will also 
be involved. The first thoracic nerve supplies the intrinsic muscles of the hand 
and through the white rami communicans it supplies the orbitalis muscle, the plain 
muscle over the levator palpebrae supenoris and the sweat glands oft he face and the 
dilator muscle of the pupil. / * 


Deformity — 

(1) Flattening of the thenar and hypothenar eminences due to paralysis and- 
wasting of the thenar and hypothenar muscles. 

(2) Proximal phalanges of the medial four fingers are hyper-extended ana 
distal phalanges will be partially flexed due to paralysis of the I u rubricate, and the 
intcrossei. 

(3) Anaesthesia of the skin on the medial side of the arm, forearm and the 
hand. 

(4) Sympathetic paralysis will lead to ptosis, enophtlialmos, pin-point pupil 
and absence of sweating on the same side of the face (Horner’s Syndrome). 

Total arm type of paralysis. In this all the nerves of the plexus are involved but 
usually the suprascapular, the long thoracic nerve (nerve to the serratus anterior) 
and the dorsal scapular nerve (nerve to the rhomboids) escape an d a tesy rf the 
muscles supplied by these nerves will lead to diagnosis. * * 

The radial nerve. The radial nerve supplies all the extensor muscles of the 
forearm, the triceps brachii, the elbow and the wrist joints and the skin over the 
back of the forearm, back of the lower part of the arm and the lateral side of the 
back of the hand. 

It is the larger terminal branch of the posterior cord of the brachial plexus 
and its fibres are derived from the firth, sixth, seventh and eighth cervical and the 
first thoracic nerves (Anterior primary rami). From its origin in the axilla it passes 
through the arm and forearm and finally is distributed to the dorsum of the hand 
and the digits. Its course and relations may conveniently divided into three parts 
— radial nerve in the axilla and arm, in the forearm and in the dorsum of the hand. 

Radial nerve in the axilla and in the arm. It begins in the axilla as the larger terminal 
branch of the posterior cord of the brachial plexus and lies in front of the subscapu- 
laris muscle on the posterior wall of the axilla. It then descends downwards and 
laterally in front of the subscapularis muscle on the lateral side of the axillary (cir- 
cumflex) nerve and behind the third-part of the axillary artery. It then reaches 
the lower border of the subscapularis muscle and enters the arm by crossing the 
intermuscular gap between the subscapularis and the teres major ct Jatissimus 
darsi. In thus situation the subscapular vessels intervene between it and the axillary 
(circumflex) nerve (the subscapular vessels may descend in front of it). In the anti - 
it lies behind the brachial artery and in front of the teres major ct latissimus dorsi 
and then accompanying the arteria profunda brachii it inclines backwards and runs 
in between the long and the medial heads of the triceps and enters into the spiral 
groove where it is covered by the lateral head of the triceps. It then accompanies 
the anterior descending branch of the arteria profunda brachii and running forvurds 
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CORACOBRACHIALIS AN0 k£RVE TO SUPPLT THE CAPSULAR 
THE SHORT HEAD OP BICEPS l|CAM£NT of SHOULDER JOINT 


SUBSCAPULARB«CUTt 

m .K!M3«CU«MXMOBi«AL\ 

arTERT \ 


SUPRASCAPULAR LIGAMENT 


AXILLARY 

ORCUHPLEX) NERVE 



N. R. Sircar Medical ooi eg Anatomy. 

h anterior comparunent 

•rccs the lateral intermuscul arKP“™ downwards in 'mcdSuy by the 

te arm. It then .descend* ^"“^^ulirr furrow enter carpi radialts 
cular septum and lies ?* traditoradiaiis above and l *'- “ndvle where itgivtj 
ihial'is and latcra y by U of thc lateral e^ forearm. A 

e above the elbow joint ttgtvra o ^ffg^SSSL 

Branches tit THE arm. , musc ular branches arise ho™ ‘ t ^ e lr iceps. 

(a) Muscular branches. (0 j' !U p p ly the long and media supply the 

Remedial side of the ann an suppy , hc sp.rf the anconens 

(10 verier rr?^^P" d ‘ hea P“SudIbrachii and by passing 

ral and medial heads olth P f ;h; 3r teria P”” cus muscle. 

ompanies one of _ the bra h ,. n ds ,n the a imcrrouscular fur- 

ough the medial head or the P when it hes ' c i.- 10 „dialis, extensor 

m um* muscular and supply brach.o 

.V in the anterior compartment ^ of thc brachial • ^ nervc h« m 

rpi radialis longtis and thc 1 co mmon J tricep? and the deep 

» CbhR*. hri-WS' ^lateral head of the .«<(* 
ic spiral groove and after p 
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fascia divides into lower lateral cutaneous nerve of the arm and the posterior cue 
neous nerve of the forearm. • 


LATRSOTUS DORSI 



remold aipfCt n S h ' arm- A part or the lateral head of triceps has bora 

removed toerpwe the ndui] nerve *rth ns accompanying vessels. From the dissection halt. N R* 
5ircar Medical College, Calcutta; with kind permission from the Prof, of Anatomy. 


0 ) Lower lateral cutaneous nerve of the arm. It supplies the skin < 
the lower and lateral part of the arm. 


. 0*0 POSTERIOR CUTANEOUS NERVE OF THE FOREARM. It Supplies the skin OB the 

sc ^ far “ t ^ IC badi of die wrist joint and communicates with the 

dorsal branch of the lateral cutaneous nerve of the forearm. 

(c) Articular branch. It supplies the elbow joint. 

(d) Posterior interosseous, (see page 1096). 

», r - 1 n^ a ^* a r 1 “ er ?* J “ the forearm - After giving the posterior intcrosseou 
branch m front of the lateral cpicondjle, the radial nerve enters the forearm unde 

* 
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cover of the brachioradialis and lies at first in the lateral part of the cubital fossa 
in the intermuscular space between the brachioradialis in front and the supinator 
behind. In the cubital fossa it is separated from the radial artery by a considerable 
distance. It then lies successively upon the supinator, insertion of the pronator 
teres, radial origin of the flexor digitorum superficialis (sublimis) and flexor pollicis 
iongus muscles and under cover of the brachioradialis. From opposite the level of 
insertion of the pronator teres it descends on the lateral side of the radial artery up 
to a point about 3 inches above thfe wrist joint from where it quits the artery and 
passes laterally beneath the tendon of the brachioradialis and finally after piercing 
the deep fascia it reaches the lateral part of the back of the hand. 


.MEDIAN NERVE 


BRACHIAL ARTERY- 
POSTERIOR 
INTEROSSEOUS NERV. 
BICIPITAL 

APONEUROSIS (CUT) 
RADIAL 
RECURRENT ARTEX 
RADIAL NERVE • 
BRACHIORADIALIS 


RADIAL ORIGIN 
OP FLEXOR DIGITORUM 
SUPERFICIALIS ( SUBLIMIS 

RACIAL ARTERT- 


PRONATOR QUADRATICS- 



PRONATOR TERES 
FLEXOR CARPI ULNAR IS 
•NERVE TO PRONATOR TERES 

FLEXOR CARPI RAOIAUS <CUT| 


■PALMARlS LONCJUS (CUT} 


MEDIAN NERVE 

PALMAR CUTANEOUS BRANCH 
Of MEDIAN NERVE 

•TENDON Of FLEXOR POLLICK LONGUJ 
TENDONS OP PLEXOR DIGITORUM 
SUPERFICIALIS (SUPUMIS) 
ULNAR ARTERY 


/ 

■ 848. The front of the right forearm with the removal or [talcum tongw a«d flat* carpi 
sdialjj. Note the position or the median nerve. From the dissection Medical 

College, Calcutta; with kind penmsua:: Croat tbs Prof, of Anatomy. 
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Injury to the radial nerve. The radial nerve, having its diiect relation with 
the spiral groove of the humerus, is frequently injured in case of fracture of the, 
raiddle-lhirt^ of the humerus. It may be completely severed into two or it may be 
grossly lacerated and in either of the two conditions the Following results will be 
noticed: 

(1) ll'rut drop. The hand is flexed at the wrist joint due to paralysis of the 
extensor muscles. 

(2) Extension of the proximal phalanx is impossible due to the paralysis of 
the extensor digitorum but extension of the middle and terminal phalange 
is possible because the intcrossei and the lumbricales do this movement. 

The only exception to this is the distal and proximal phalanges of the thumb 
which cannot be extended because the extensor pollicis longus et brevis are a fleeted 
and which arc extended by the same muscles and not by the intcrossei. 

’ - (3) Extension of the elbow joint is impossible because the triceps is paralysed" 
' (4) Supination of the forearm is impossible when the forearm is made to 
extend due to paralysis of the supinator. 

(5) Supination of the forearm is possible when the elbow is flexed because 
biceps brachii is a strong supinator of the forearm when the elbow is 
bent. 

(6\ Anaesthesia of the lateral part of the dorsum of the hand. 
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Axillary (Circumflex) nerve. It arises from the posterior cord of the brachial 
iJcxus and derives its fibres from the fifth and sixth cervical nerves. Ai first it lies 
iehind the third part of the axillary artery, in front of the subscapulari^ muscle and 
itcral to the radial nerve. Then reaching the lower border of the subscapularis 
nuscle it inclines backwards to come into close relation with the capsular ligament 
f the shoulder joint. Then it accompanies the posterior humeral circumflex artery 
nd enters into the quadrangular space which is bounded above and in front by the 
uhscapularis, above and behind by the teres minor, laterally by the surgical neck 
f the humerus, medially by the Jong head of the triceps and below by the teres major, 
'hen it gives a twig to the shoulder joint and ends by dividing into anterior and - 
osterior branches. , * 


AXILLARY ARTERY 


j— CORACO-SRACHtAUS 


The anterior branch accompanies the posterior humeral circumflex artery and 
rinds round the surgical neck of the humerus and passes deep to the deltoid muscle, 
n its course it provides muscular branches to the anterior part of the deltoid muscle, 
ts terminal filaments 
iierce the deltoid muscle 
nd supply the skin in 
rout of the lower part of 
his muscle. 

The posterior branch 
applies the posterior part 
if the deltoid and the 
wes minor muscle. The 
icrve to the teres minor 
iresents a gangliform 
welling (Pseudo-ganglia 
iccausc there arc no 
terve cells in it) which 
s its characteristic. After 
upplying the posterior 
>art of the deltoid it ( 
lierces the muscle and 
he deep fascia and then 
$ continued as the upper 
ateral cutaneous nene of the 
irm which supplies the 
kin covering die back of 
he deltoid and the long 
lead of the triceps. 

Injury to the axillary 
circumflex) nerve. Due to 
ts intimate relation to the 
urgical neck of the hu- 
nerus it is often involved 
n the fracture of the 
urgical neck of the hu- 
nerus and in dislocation 
jf the shoulder joint. 

Severance of this nerve 
smses paralysis of the 
leltoid muscle. Conse* 
piently abduction of the 
houlder joint becomes 
mpossible and there is 
maesthesia of the skin 
covering the lower part of 
he deltoid. Supraspinatus 



TRICEP) 8RACHII 


6RACHIAC ARTERY- 


SUPRATROCHLEAR- 
6 RANCH Of BRACHIAL 
ARTERY 


MEDIAL EPlCONOUe 


Ilff. 852. The from and the medial aspects of the right arm. 
Note the positions of the nerves. From the dissection hall, 
N. R. Sircar Medical College, Cat.; with kind 
' i from the Prof, of Anatomy. 
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which is also an abductor of the shoulder joint cannot cause abduction because it 
acts in conjunction with the deltoid. 

Thoracodorsal Nerve. ( tfene to the lalissimus dor si) — It arises from the 
posterior cord of the brachial plexus and descending downwards in front of the sub* 
scapularis muscle accompanies the muscular branch of the subscapular artery to 
reach the latissimus dorsi. 

The upper and the lower subscapular nerves. They usually arise by a 
common trunk from the posterior cord of the brachial plexus. The upper subscapular 
rune enters the subscapularis muscle opposite the middle of the subscapular fossa 
whereas the loiter subscapular nene enters the muscle close to its lower border and 
before piercing the muscle gives a twig which crosses the gap between the sub- ( 
scapularis and the teres major and finally ends by entering into the teres major 
muscle which it supplies. 

The musculocutaneous nerve. The musculocutaneous nerve supplies the 
coracobrachialis, biceps brachii and the medial hair of the brachialis (the lateral 
hall being supplied by the radial nerve) and the skin on the lateral side of the 
forearm 

The musculocutaneous nerve of the arm arises from the lateral cord of the 
brachial plexus below the lower border of the pectoralis minor muscle and derives - 
its fibres from the fifth, sixth and seventh cervical nerves. At first it lies on the 
lateral side of the third part or the axillary artery' and the beginning of the brachial 
artery. Then it pierces the coracobrachialis muscle and passes obliquely down- 
wards between the biceps brachii and the brachialis muscle to the lateral side of the 
arm and a little below the elbow it pierces the deep Tascia on the lateral side of the 
tendon of the biceps and then is continued downwards as the lateral cutaneous 
nerve of the forearm. 

The lateral cutaneous nent of the forearm. It passes downwards behind the cephalic 
vein and supplies the skin of the lateral half of the forearm. In its course through 
the forearm it gives out a series or lateral branches which wind round the radial 
border of the forearm and communicate with the posterior cutaneous nerve of the 
forearm. Immediately above the wrist joint it lies in front of the radial artery and 
then divides into anterior and posterior terminal filaments which pierce the deep 
fascia. The posterior terminal filament accompanies the radial artery and com- 
municates with the radial nerve; the anterior filament supplies the skin or the ball 
of the thumb and communicates with the palmar cutaneous branch of the median 
nerve. 

The nerve to the coracobrachialis arises from it before it pierces that muscle; 
the branch to the biceps and the brachialis are given out during its course between 
these muscles. The branch which supplies the brachialis muscle also provides 
an articular twig to the elbow joint and a nutrient filament which enters the humerus 
at the nutrient foramen along with the nutrient artery. 

M.D.— The musculocutaneous nerve presents frequent irregularities. Some cF iu Fibres may 
pass along "ttii the median nene, or some fibres of the latter may come through this nerve. It uW 
pass behind the coracobrachialis instead of piercing it or it may pass behind, the biceps brachii muscle. 
Sometimes the pronator teres may be supplied by a branch From it Sometimes it replaces the digital 
branches of the radial nen e For the thumb finger. 

The median nerve. The median nerve supplies all the flexor muscles of the 
forearm exept the flexor carpi ulnaris and the medial half of the flexor digitorum 
profundus, the muscles of thenar eminence (Abductor pollicts brevis, opponent 
polIicK and the flexor pollicis brevis) and the first and second Iumbricales and the 
skin of the lateral side of the palm and the digits up to first three and a half digits. 

It begins in the axilla and after a considerable course in the arm and the forearm 
it ends in the palm of the hand by dividing into digital nerves. 

Afedian nerre in the axilla and the arm. In the axilla the median nerve arises by 
lateral and medial roots from the corresponding cords of the brachial plexus and the 
■N. 
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two roots urtitc to form the nerve trunk either in front of or on the lateral side of the 
third part of the axillary artery. It derives its fibres from fifth, sixth, seventh, 
and eighth cervical and the first thoracic nerve. In the arm the median nerve at 
first lies on the lateral side of the brachial artery and opposite the insertion of the 
Coracobraclnalis it crosses cither superficial or deep to the brachial artery and lies 
on its medial side. Maintaining this relation it enters the cubital fossa. Through- 
out its course in the arm it is superficial being covered only by the skin, superficial 
and the deep fasciae. 


PECIORAUS MINOR 



Fig. 853, The brachial plexiu of nerves with the axillary vessels The axillary vein has been partly 
removed. From the dissection hail, N, R. Sircar Medical College, Cal , with kind permission from the 
Prof, of Anatomy 


Branches. No branches are given out in the axilla. 

Branches in the arm one only. 

Nerve to the pronator teres may arise from it in the lower arm. 

Median nerve in the forearm. In the upper part of the forearm the median 
nerve lies in the cubital fossa on the medial side of the terminal portion of the 
brachial artery and then descends downwards between the two heads of the pro- 
nator teres and crosses in front of the ulnar artery being separated from it by the 
deep head of the pronator teres. It then passes beneath the tendinous arch con- 
necting the humeroulnar and the radial heads of the flexor digitorum superficial^ 
and then descends in between the flexor digitorum supeificialis in frontand the flexor 
digitorum profundus behind to the lower part of the forearm where about 2 inches 
above the flexor retinaculum it is crossed by the radial head of the flexor digitorum 
supcrficialis and lies in between the flexor carpi radiaiis and palmaris longus. The 
latter muscle partly overlaps it. It then enters the palm under cover of the flexor 
retinaculum. 
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Tig. Bt. The front of the left forearm Note the position of the median nerve in the cubital fwa. 

From the dissection hall, N. R. Sircar Medical College, Cal; with kind permission Tram 
the Prof, of Anatomy. 

Branches in the forearm — 

(1) Muscular branches. The muscular branches supply all the superficial group 
of the flexor muscles except the flexor carpi ulnaris, i.e., pronator teres, the flexor 
carpi radialis, palmaris longus and the flexor digitorum supcrficialis. 

(2) Anterior interosseous. It supplies the flexor pollids longus, the pronator 
quadratus and the lateral half of the flexor digitorum profundus. 

(3) Palmar . The palmar cutaneous branch divides into medial and lateral 
branches and by its lateral branch it supplies the skin of the thenar eminence and 
communicates with the anterior branch of the lateral cutaneous nerve of the forearm, 
by its medial branch it supplies the skin of the palm and communicates with the 
palmar branch of the ulnar nerve. 

(•3) Articular branch to the elbow joint. It arises from the median nerve as it 
descends in front of the elbow joint to enter into the cubital fossa. 
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Median nerve ra the palm of hand. The median nerve enteis the palm of 
,C . n » 0m r ^'^ cuIurn of th « hand and then becomes enlarged 

id flattened which lies upon the flexor tendons and divides into lateral and medial 
ranches. 



J- 855. The front of the right froearm after removal of some of the superficial flexor mu; 
the positions of the ulnar and median nerves. From the dissection hall, N. R. Sircar 
College, Cal. ; with kind permission From the Prof, of Anatomy. 

The lateral branch provides a stout muscular branch for the muse 
enar eminence (abductor pollicis brevis, opponens pollicis and the flex 1 
evis) then divides into three palmar digital nerves, two of which suppl 
3es of the thumb finger and the interphalangeal joints of the same and the third 
:pp!ies the first lumbricalis muscle and then is distributed to the radial side of the 
dex finger. 
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The medial branch divides into two palmar digital nerves, one of which sup- 
plies the second lumbricalis and then continues downwards towards the cleft between 
the middle and the index fingers where it divides into two collateral branches which 
supply the contiguous sides of the index and the middle fingers. The second palmar • 
digital brancli sometimes supplies (he third lumbricalis (when it is not supplied hy 
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Each digital nerve opposite the metacarpophalangeal joint provides a dorsal 
branch which passes backwards and communicates with the radial nerve to supply 
the digits and is then continued downwards to the pulp of the linger (lying in front 
of the digital artery) where it divides into two branches, one supplies the pulp of the 
linger and the other ramifies in the nail bed. Each digital branch gives an articular 
twig to the corresponding metacarpophalangeal joint and also supplies the inter- 
phalangeal joints. 

Injury to the median nerve. Injury to the nerve at the eibow will cause paralysis 
of the pronator teres, palmaris longus, flexor carpi radialis, flexor digitorum superfi- 
cialts, pronator quadratus, lateral half of the flexor digitorum profundus, thenar 
muscles and the first and the second lumbricales. 

Pronation of the forearm is impossible due to paralysis of the pronator muscles. 
Flexion of the wrist joint will be partially done by the flexor carpi ulnaris. Index 
finger cannot be flexed at all except at the metacarpophalangeal joint, even though, 
the interossei are not paralysed. Opposition action of the thumb finger will be lost 
and its terminal phalanx cannot be flexed. There is also anaesthesia of the skin 
of the palmar aspect of the lateral 3£ fingers. 

Injury to the nerve at the wrist will cause paralysis of the thenar muscles and the 
first and second lumbricales. Opposition action (as in pinching) of the thumb will 
be lost and there will be associated anaesthesia as above. 

The ulnar nerve. The ulnar nerve arises from the medial cord of the brachial 
plexus and derives its fibres from the seventh and the eighth cervical and the first 
thoracic nerves. From its origin in the axilla it descends downwards on the medial 
side of the axillary artery lying between it and the axillary vein and then runs down- 
wards on the medial side of the brachial artery as far as the middle of the arm where 
it pierces the medial intermuscular septum along with the superior ulnar collateral 
artery and together run downwards in front of the medial head of the triceps brachit 
to the interval between the medial epicondyle of the humerus and the olecranon of 
the ulna. Opposite the elbow joint it lies in a groove behind the medial epicondyle 
together with the superior ulnar collateral artery and then enters the forearm 
between the two heads of the flexor carpi ulnaris. 

In the Forearm it lies in front of the flexor digitorum profundus and is covered 
by the flexor carpi ulnaris opposite its upper three-fourths, and in the lower one- 
fourth, It is covered only by the skin and the fasciae. In the upper one-third of the 
forearm, the ulnar artery lies at a considerable distance from it but id the lower two- 
thirds of the forearm, it lies inclose contact with the artery being placed on its medial 
side. Then it enters the pafm of the hand in hunt of the flexor refrnactrium, iateraf 
to the pisiform bone and on the medial side of the ulnar artery. In the palm of the 
hand it ends by dividing into the superficial and deep branches. 

(About 5 cm. above the wrist joint it gives out its dorsal branch). 

Branches — 

(fl) Articular. It supplies the elbow joint. 

(6) Muscular. It arises in the upper-third of the forearm below the medial epi- 
condyle of the humerus and ends by supplying the flexor carpi ulnaris and the 
medial half of the flexor digitorum profundus. 

(c) Dorsal. It arises from the ulnar nerve about 5 cm. above the wrist joint 
and supplies the skin of the contiguous sides of the ring and the little fingers and also 
the tnedflal side of the little finger on the dorsum of the hand. 

(d) Palmar cutaneous. It supplies the skin of the medial side of the palm of the 
hand. ^ 

(e) Superficial terminal. See ulnar nerve in the plam of the hand. 

if) Deep terminal branch. See ulnar nerve in the palm of the' hand. 

Uenar NERVE in the PAtM of the hand. The ulanr nerve enters the palm of 
the hand in front of the flexor retinaculum, lateral to the pisiform bone and on the 
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medial side of the ulnar artery and then it divides into superficial and the deep 
branches. 

The svperjlcial branch sends out a twig which supplies the palmaris brevis muscle 
and the skin on the medial side or the hand and then divides into two palmar digital 
nerves. One supplies the skin on the medial side of the little finger and the other 
gives a communicating branch to the median nerve and then divides into two col- 
lateral branches which supply the contiguous sides of the little and the ring fingers. 
Each digital branch opposite the metacarpophalangeal joint gives out a dorsal 
branch which communicates with the dorsal branch of the ulnar nerve. At the 
tip of the finger it divides into two branches, one supplies the pulp of the finger and 
the other (he nail bed. 



Fig. 857. The palmar aspect of the right plm to show the superficial vessels and nmw. With kind 
permission from Ledcrle La bora tones Ltd, Drawn by Mr. Paul Peck. , 

The deep branch passes in between the abductor digiti minimi and flexor digit! < 
minimi and then pierces the opponens digiti minimi in company with the deep branch 
of the ulnar artery and then follows the course of the deep palmar arch deep to the 
flexor tendons to the radial side of the palm where it ends by supplying the adductor ' 
polficis and the first dorsal interosseous muscles. In its course through the palm it 
supplies all the interossei muscles and the third and the fourth lumbircalis muscles. 

It also supplies a few twigs to the wrist joint. 

A'ff.— The third lumhricalb may be supplied by a branch from tbc median nerve when the 
branch frora^the ulnar nerve may he wanting or ic may fiave double nerve supply, one from the utrrar 

,T ‘ median nerve. Usually it is supplied by the ulnar nerve. ] 
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Injury to the rilnar nerve. Division of ike nerve at Ike elbow will cause paralysis 
of the flexor carpi ulnaris, medial half of flexor digitorura profundus, hypothenar 
muscles, all the interossei and the third and the fourth lumbricales and the adductor 
pollicis. 

Flexion of the terminal phalanx of the little finger is impossible and also adduc- 
tion of the thumb is impaired. Adduction and abduction of other fingers will also 
be impaired. 

Up and down storke in writing is caused by the interossei and the lumbricales 
and this movement will be completely lost in case of the ring and little fingers, and’ 
partially, in case of middle and index fingers. There will be cutaneous anaesthesia 
i of the little and the medial side of the ring finger. 

Injury to ike nerve at Ike wrist will cause paralysis of the hypothenar muscles, the 
interossei and the third and the fourth lumbricales. The dorsal branch of the 
ulnar nerve being escaped there will be no anaesthesia on the back of the little and 
the ring fingers. 


VENTRAL RAMI OR DIVISIONS OF THE THORACIC NERVES 

The ventral rami (Anterior primary rami) of the thoracic nerves are twelve in 
number and each of them makes its exit from the intervertebral foramen below the 
corresponding vertebra. The upper eleven pairs of nerves occupy the corresponding 
intercostal spaces and are known as the intercostal nerves whereas the twelfth 
" nerve lies below the corresponding vertebra and the rib and is known as the 
subcostal nerve. The first three intercostal nerves and the twelfth thoracic' 
, or the subcostal nerve differ from the others in their course and distribution. 
The fourth, the fifth and the sixth intercostal nerves are similar in their course and 
distribution and they remain confined to the thoracic wall and as such they are 
. referred to as the typical intercostal nerve. The seventh, eighth, ninth, tenth 
V-and the eleventh intercostal nerves differ from the typical intercostal nerves in their 
course and mode of distribution. All of them proceed to the abdominal wall from 
the thoracic wall. In the thoracic part of their course they have the same course and 
distribution with the typical intercostal nerves. 

The first thoracic nerve. The ventral ramus of the first thoracic nerve 
leaves the intervertebral foramen below the neck of the first rib and soon divides 
into a larger, upper or superior branch and a smaller, lower or inferior branch. The 
superior branck ascends upwards in front of the neck of the first rib lateral to the 
superior intercostal artery and enters into the neck behind the first part of the 
subclavian artery and then joins with the eighth cervical nerve to form the lowest 
{ trunk of the brachial plexus. 

The inferior branch forms the true intercostal nerve and runs forwards between 
the pleura and the inferior surface of the first rib and reaches the intercostal space 
' close to the first costal cartilage. Further anteriorly it crosses the internal thoracic 
(mammary) vessels and then turns forwards to become anterior cutaneous branch 
which supplies the skin below the clavicle. In its course it supplies the intercostal 
, muscles of the first intercostal space. Its lateral cutaneous branch is usually absent 
\ and when present, it communicates cither with the intercostobracbial nerve or with 
jt the medial cutaneous nerve of the arm. 

The second intercostal nerve occupies the second intercostal space and has 
a similar course like that of the first intercostal nerve. It provides a lateral cutaneous 
, branch opposite the mid-axillary line which pierces through intercostal muscles and 
passes laterally to the arm as the intercostobrachial nerve which communicates with the 
medial cutaneous nerve of the arm and descends along the posteromedial part 
of the arm as far down as the elbow and supplies the skin and the subcutaneous 
j tissues in this region. It also provides a communicating twig to the first thoracic 
\ nerve which joins in the-brachial plexus and also with the lateral cutaneous branch 
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of the third intercostal nerve. In addition it has the usual muscular and anterior 
cutaneous branches. 

The third intercostal nerve has the same type of course and distribution 
like the typical intercostal nerve but it differs from them in that the posterior branch 
ofits lateral cutaneous branch passes to the arm and supplies the skin on the medial 
side of the upper arm. 

Typical intercostal nerve. The typical intercostal nerve is the anterior primary 
rami of the fourth, fifth and the sixth thoracic nerves. After its exit from the inter* 
vertebral foramen each lies betts een the internal (posterior) intercostal membrane and 
the costal pleura. 'Then it pierces the intercostal membrane and occupies the costal 
groove where it lies! below the intercostal vessels and between the external and 
internal intercostal muscles. Maintaining this relation it is continued forwards 
as far as the mid-axillary line where it gives off its lateral cutaneous branch. It 
then pierces the internal intercostal muscle and passes forwards through its substance 
as far as the anterior end of the bony rib where it emerges into the deep aspect of die 
internal intercostal muscle and lies between it and the costal pleura. In its further 
course forwards it crosses the transversus thoracis (stemocostalis) muscle and the 
internal thoracic (mammary) artery and then bending sharply forwards it pierces the 
internal intercostal muscle, external (anterior) intercostal membrane, the pectoralis 
major muscle and its fascia ?nd then becomes the anterior cutaneous nerve of the 
chest wall, which supplies the skin in this area. 

JfJt - — Only the upper sue nerves maintain this typical distribution. The lower five nerves are 
continued into the anterior abdominal wall where they he in between the transversus abdominis and 
the obliquus intemus abdominis and finally, by piercing the rectus sheath and the muscle they be- 
come cutaneous. 

The intercostal nerves in their course, in addition to anterior and lateral cuta- 
neous branches, provide muscular branches for the internal and external intercostal 
muscles. 



Fig. 858. A thoracic spinal nerve. Nate the distribution of a intercostal nerve. 
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■ Lateral cutaneous branch of the intercostal nerves. The first inter- 
costal nerve has no lateral cutaneous branch. The lateral cutaneous branch of the 
second intercostal nerve passes to the arm as the intercostobrachial nerve. The 
lateral cutaneous branches from third to the sixth intercostal nerves become super- 
ficial by piercing the external intercostal muscle close to the lower margin of the 
pectoralis minor. Each nerve divides into anterior and posterior branches. The 
anterior branch winds round the lower border of the pectoralis major and passes 
medially to supply the skin on the lateral aspect of the pectoralis major. The 
posterior branch passes backwards and ends by supplying the skin on the postero- 
lateral aspect of the thoracic wall. 
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diaphragm muscle and the transversus abdominis to the costal cartilages. In*the 
abdominal wall they run downwards and forwards between die transversw nbdo* 
minb and the obliquus internal abdominis (neurovascular plane of the abdominal 
wall) and then enter into the rectus sheath by piercing its posterior wall. Within 
the rectus sheath they lie between the muscle and its posterior sheath and finally 
divides into medial and lateral branches, the latter ending in die rectus abdominis 
muscle white the former after supplying the same muscle pierces through the anterior 
wall of the sheath and finally becomes cutaneous. They also provide muscular 
branches to the tramversus abdominis, obliquus ext emus and intemus ' abdominis 
and to the parietal peritoneum and to the extra-peritoneal tissue. The seventh 
nerve supplies the skin in the region of the xiphoid process, the eighth and the 
ninth nerves between the xiphoid process and the umbilicus, the tendi nerve supplies 
the skin in the region of the umbilicus while the eleventh nerve supplies the skin 
immediately below the umbilicus. 

The subcostal nerve. It makes its exit from thcintcrvertebral foramen between 
the last thoracic and the first lumbar vertebrae and soon gains the lower border of 
the last rib and dien passes laterally behind die upper part of the psoas major 
muscle. It enters the abdomen by bossing below the lateral arcuate ligament and further 
passes laterally and downwards in front of the quadratus lumborum muscle. Then 
it pierces the transversus abdominis muscle by passing behind the kidney and gains the neuro vas- 
cular plane (space between the transversus abdominis and the obliquus imerntis 
abdominis). Reaching the anterior abdominal wall it gradually approaches the 
median plane and enters into the rectus sheath by passing in front of the rectus abdominis 
muscle. Its terminal filaments pierce through the anterior wall of the rectus sheath 
and become cutaneous (anterior cutaneous) mid-way between the umbilicus and 
the symphysis pubis. 

Its brandies arc muscular, and cutaneous. The muscular branches supply 
the tramventu abdominis, obliquus exteruus and intemus abdominis, rectus 
abdominis and pyramidalis. Its cutaneous brandies arc anterior cutaneous and 
lateral cutaneous. 

The anterior cutaneous brandies supply the skin in the region mid-way 
lictwccn the umbilicus and the symphysis pubis. Its lateral cutaneous branch 
runs laterally and downwards between the transversus abdominis and the 
internal oblique and then becomes superficial about 2 inches above the iliac crest 
and the same distance behind the anterior superior iliac spine. It then runs further 
downwards and laterally across the iliac crest to the gluteal region and ends by 
sypplying the skin and the fasciae opposite the front of the greater trochanteror the 
femur. 


THE LUMBAR PLEXUS AND ITS BRANCHES 

The lumbar plexus is situated svitbin the substance of the psoas major 
muscle and is formed in front of the transverse processes of the lumbar vertebrae by 
the union of the anterior primary rami of the upper three lumbar nerves and by 
the greater part of the anterior primary ramus of the fourth lumbar nerve. The 
first lumbar nerve is usualjy joined by a branch from the last thoradc nerve. The 
arrangement of the plexus b as follows: 

The first lumbar nerve receives a branch from the last thoracic nerve and then 
divides into superior and inferior branches. The superior branch splits into ilio- 
hypogastric and ilioinguinal nerves. The inferior branch supplemented by a twig 
from the second lumbar nerve forms the genitofemoral nerve. The remainder 
of the second, third and the fourth lumbar nerves divide into a ventral and a dorsal 
branch. The ventral branches or the second, third and the fourth lumbar nerves 
unite to ibrns the obturator nerve. 'Hie accessary' obturator nerve arises from die 
anterior primary rami of die third and fourth lumbar nerves. The dorsal branchra 
of the Second and the third nerves further divide into smaller and larger branches; 
the nnaller branches unite to form the lateral femoral cutaneous nerve of the thigh 
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and the larger branches unhe with the dorsal branch of the fourth lumbar nerve to 
form the femoral nerve. 

Iliohypogastric nerve. It arises from the anterior primary ramus of the 
first lumbar nerve and emerges from the lateral border of the psoas major to the 
front of the quadratus lumborum muscle from which it is separated by the anterior 
layer of the lumbar fascia. It then runs obliquely downwards and forwards between 
the anterior layer of the lumbar fascia and the posterior surface of the kidney and 
descends downwards, forwards and laterally to reach a point immediately above 
the iliac crest and then perforates the* transversus abdominis muscle and finally 
divides into two branches, lateral and anterior. 

The lateral cutaneous branch pierces the internal and external oblique muscles 
immediately above the iliac crest and then passes to the gluteal region to supply 
the skin on the anterior part of the buttock. 

The anterior branch runs between the transversus and obliquus internus 
abdominis muscle, supplies twigs to these muscles and then pierces the obliquus 
internus at a point about 2 cm. internal to the anterior superior iliac spine and 
then pierces the aponeurosis of the external oblique muscle about 3 cm. above the 
superficial inguinal ring and ends by supplying the skin of the abdomen above the 
pubis. 

It communicates with the last thoracic and the ilioinguinal nerves. 


T12 



Ilioinguinal nerve. It arises from the art terioc. prima ry ramus of the first 
lumbar nerve and emerges from the lateral border of the psoas major muscle im- 
mediately below the iliohypogastric nerve. It descends, obliquely between the 
posterior surface of the kidney andjhe quadfatusTornbor um w ith its covering fascia 
and perforates the transversus abdominis at~the anterior part of the iliac crest. It 
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then runs downwards between the transversus and the internal oblique, pierces 
the latter, supplies twig to this muscle and then accompanies the spermatic cord in 
the inguinal canal ami comes out through the superficial inguinal ring. Finally 
it is distributed to the skin of the root of the penis, upper part of the scrotum and the 
adjoining part of the inner side of the thigh. 


CBUQUUS I HUSNUS ABDOMINIS 


CONJOINT 



Pig. 861. The dissection of the left inguinal canal Note the position of the ilioinguinal nerve. Prom 
the dissection hall, N. R. Sircar Medical College, Cal.; with kind permission from the 
Prof, of Anatomy. 

Genitofemoral. The genitofemoral nerve arises from the anterior primary 
rami of the first and second lumbar nerves and descends obliquely downwards 
through the psoas major muscle, and opposite the level of the third or fourth lumbar 
vertebra, it pierces the muscle and descends in front of the same under cover of the 
parietal peritoneum. It crosses posterior to the ureter, and a little above the inguinal 
ligament, it divides into genital and femoral branches. 

The genital branch crosses the external iliac vessels and then enters the deep 
inguinal ring in company with the vas deferens in male, and with the round liga- 
ment of the uterus in female. In male, it supplies the cremaster muscle and the 
upper part of the skin of the scrotum. In # the female, it supplies the fibro-fatty 
tissue and the skin in front of the mons pubis. • s 

The /moral branch descends on the lateral side of the external iliaeyjfttery and 
crosses the deep circumflex iliac artery and then passes beneath the inguinal liga- 
ment to enter the femoral sheath and at first lies on the lateral side of the femoral 
artery and then in front of it. It pierces the anterior layer of the femoral sheath 
and the fascia lata and ends by supplying the skin in front of the upper part of the 
femoral triangle. It communicates with the intermediate cutaneous nerve of the 
thigh and gives a twig to the femoral artery. 
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Muscular brandies. Muscular branches supply the psoas major et minor, 
the iliacus and the quadratus lumborum. The psoas minor receives its fibres from 
the first lumbar nerve, the psoas major and the iliacus from the second, third and 
the. fourth lumbar nerves and the quadratus lumborum from the twelfth thoracic 
ana from the first to the fourth lumbar nerves. 

Lateral cutaneous nerve of the thigh. It arises from the dorsal divisions 
uF the anterior primary rami of the second and the third lumbar nerves and passes 
obliquely behind the psoas major muscle and emerges to the iliac fossa from the 
lateral border of the psoas major muscle. In the iliac fossa it lies obliquely on the 
iliacus muscle and crosses posterior to the caecum, on the right side, and the lower 
part of the descending colon, on the left side, being separated from them by fascia 
iliaca and the peritoneum. It then emerges to the thigh behind the lateral end of 
the inguinal ligament and between the anterior superior and the anterior inferior 
iliac spines; it then passes either superficial to the proximal end of the 
sartorius muscle or through its fibres to gain the upper anterolateral aspect of the 
thigh where it divides into anterior and posterior branches behind the deep fascia. 

The anterior branch becomes superficial about 4 inches below the anterior superior 
iliac spine and then supplies the skin on the anterolateral aspect of the thigh as far 
as the knee joint. Its terminal filaments communicate with the intermediate and 
the medial cutaneous nerves (from the anterior division of the femoral nerve) of the 
[high and the infrapatellar branch of the saphenous nerve to form a plexiform 
network, the patellar plexus. 

The posterior branch becomes superficial a little above the anterior branch and 
then divides into branches which pass backwards and supply the skin on the lower 
and lateral part of the gluteal region and the lateral aspect of the thigh from the 
level of the greater trochanter to the middle of the thigh. 

Femoral nerve. The femoral nerve arises from the dorsal branches of the 
anterior primary rami of the second, third and the fourth lumbar nerves. From 
its origin it descends through the fibres of the psoas major muscle and emerges at the 
lower part of die lateral border of this muscle to reach the interval between it and the 
iliacus where the nerve lies deep to the fascia iliaca. Maintaining this relation it 
passes to the thigh behind the inguinal ligament, lies on the lateral side of the femoral 
artery and then divides into anterior and posterior branches. The nerve to _ the 
bectineus arises from it before its division, and in the abdominal cavity it provides 
muscular branches for the iliacus. 

A. Anterior division: 

(i) Cutaneous. Intermediate and the medial cutaneous nerves of the thigh. 

(») Muscular. To the sartorius (through the intermediate cutaneous nerve). 

B, Posterior division: 

(t) Cutaneous. Saphenous nerve. 

(it) Muscular. To vastus lateralis, medialis and the intermedius and to the 
rectus femoris. 

Xi?.— Articular brandies arc a iso given from the femoral nerve to the hip and the knee joints 
but these branches arc not directly coming from the nerve trunk. They are distributed to the joints 
as follows: The nerve to the rectus femoris supplies a twig to the hip joint; the nenc to the vastus 
medialis, intermedius and the lateralis, each provides a twig for the knee joint. The nene to the 
vastus Intermedius also provides a twig for the articularis genu muscle. 

The nerve to the pectinens arises from the medial side of the femoral nerve 
immediately below the inguinal ligament and passes medially beneath the femoral 
sheath and ends by piercing the anterior surface of the peettneus muscle. 

Intermediate cutaneous nerve of the thigh. The intermediate cutaneous 
nerve of the thigh arises from the anterior division of the femoral nerve and pierces 
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branches. Before division some of its filaments either pierce the fascia lata or pass 
through the saphenous opening and supply the shin on the medial side of the thigh. 

The anterior branch passes downwards lying in front of the sartorius muscle deep 
to the fascia lata, and opposite the junction of the middle with the lower-third of the 
thigh.it pierces the fascia lata and then divides into two branches. One supplies 
the skin on the lower part of the medial side of the thigh as low as the medial side 
of the knee joint. The other goes to the lateral side of the patella and communicates 
with the infrapatellar branch of the saphenous nerve and the lateral and intermediate 
cutaneous nerves or the thigh to form the patellar plexus. 

The posterior branch descends downwards under the deep fascia along the posterior 
border of the sartorius muscle to reach the upper part of the knee joint where it 
pierces the deep fascia and gives out filaments which join in the patellar plexus and 
also supply the skin in this region. It then descends downwards behind the medial 
condyle of the femur to reach below the knee joint where it ends by supplying the 
skin on the upper part of the medial side of the leg. In the lower part of the ad- 
ductor canal it gives out some filaments which pass beneath the sartorius to join in 
the sub-sartorial plexus. The sub-sartorial plexus is a plexiform network of nerves 
formed by branches from the anterior division of the obturator nerve, the saphenous 
nerve and branches from the posterior branch of the medial femoral cutaneous 
nerve. 

Saphenous nerve. The saphenous nerve is the longest cutaneous branch 
from the femoral nerve and arises from its posterior division. In the femoral triangle, 
it lies on the lateral side of the lower part of the femoral artery and maintaining 
this relation it enters the adductor canal where it crosses in front of the artery from 
lateral to the medial side; and in the lower part of the canal, accompanying the 
saphenous branch of the inferior genicular artery', it pierces the aponeurotic roof of 
the canal. It then descends vertically downwards under cover of the sartorius 
muscle to the medial side of the knee joint where it pierces the deep fascia between 
the sartorius and the gracilis and becomes subcutaneous. It then accompanies 
the long saphenous vein, and lying infrontof the vein, it descends downwards along 
the medial border of the tibia to reach the lower part of the leg where it dirides 
into two branches. One branch descends further downwards along the medial 
margin of the tibia to reach the medial aspect of the ankle joint where it ends by 
supplying the skin in the region. The other branch passes downwards along with 
the long saphenous vein in front of the ankle joint and then passes along the medial 
side of the foot to reach the medial side of the ball of the great toe where it ends 
by communicating with the medial branch of the musculocutaneous nerve. 

Brandies: 

(1) Opposite the adductor canal- it gives out a branch which joins the sub- 
sartorial plexus. 

(2) Below the adductor canal it gives out the infrapatellar branch which 
pierces the sartorius muscle and joins with the medial and intermediate 
cutaneous nerves of the thigh above the knee joint, and on the lateral 
side of the patella, it joins with the lateral cutaneous nerve of the thigh, 
and below the patella, it joins with the other branches of the saphenous 
nerve and thus forms the patellar plexus. It is through this plexus that it 
supplies the skin in front of the knee joint. 

(3) Two terminal branches. 

^Obturator nerve. It arises from the anterior primary rami of the second, • 
thirf^ndlSclouf^umbafnSrves; “Al SBrlrtierwithm-the^soas major mmole 
andUfen-emergesTrom^its medial side to the brim of the pelvis. In the pelvis it 
at first lira behind the common iliac artery and on the lateral side of the internal 
iliac artery. Then it runs forwards and laterally on the lateral wall of the pelvis 
to reach the upper part of the obturator foramen where it is accompanied by the 
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obturator vessels which He below it. It then divides into anterior and posterior 
branches. 



Fig 863 Lateral view of the female pelvis to show the main arteries and nerve*. The bladder, 
rectum and pelvic genual organs are drown downwards to show their arterial supply. With 

Vind permission from Callander's Surgical Anatomy, 2nd ediuon, 1939; \V. B. Saurrdet's 
Company: Philadelphia and London. 

The anterior branch gives a twig to the hip joint and passes in front of the obtu- 
rator externus. It then enters the thigh by passing in front of the adductor brevis 
and lies under cover of the pcctineus and adductor longus. At the lower border 
of the adductor longus muscle it communicates with the posterior division of the 
medial cutaneous nerve of the thigh and the saphenous nerve to form the sub- 
sartorial plexus. It then descends upon the femoral artery to which it is finally 
distributed. Behind the pectincus i t provi des muscular branches to gracilis, adductor ' 
longus, pectineus and sometimes urtlic adductor brevis. 

The posterior branch, passes through the Tib res of the obturator externus muscle 
and then enters the thigh behind the adductor brevis and in front of the adductor 
magnus muscle. It then descends on the latter muscle and then either pierces 
it or passes through the femoral opening and enters the popliteal fossa. It finally 
ends by piercing the oblique posterior ligament of the knee joint. In the popliteal 
fossa it lies postero-medial to the artery. In its course it supplies the obturator 
externus, adductor magnus, and sometimes the adductor brevis. 

jY.B. — Adductor magnus has double nerve supply. In addition to the obturator nerve (Port-div) 
it receives a twig from the sciatic nerve. 


THE SACRAL PLEXUS OF NERVES 

The sacral plexus of nerves consists of six nerve roots, namely, part of the anterior 
primary ramus of the 4th lumbar nerve, the anterior primary ramus of the 5th 
nerve and the anterior primary rami from the first to the fourth sacral nerves. Like 
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other spinal nerves, each.nerye root receives a grey ramus communication from the 
sympathetic ganglion which it conducts to the blood vessels, sweat and sebaceous 
glands in their territory. The sacral and coccygeal plexuses of nerves behave in 
a different manner from other spinal nerves iij that, from second sacral nerves and 
below, no ibhite ramus communications are given off by them to join the sympathetic 
ganglia but they are distributed to the pelvic viscera through the hypogastric plexus 
and constitute -the pelvic splanchnic nerves. The second, third and the fourth sacral 
nerve, contain parasympathetic fibres (anti-sympathetic) and constitute the auto- 
nomic pelvic splanchnic nerves or the nervi errigentes . 

Mode of formation. The fifth lumbar nerve joins with the remainder of 
the fourth lumbar nerve near the pelvic brim to form the lumbosacral nerve trunk , 
Each of the upper four sacral nerves divides into anterior and posterior divisions. 
The anterior primary rami of the upper four sacral nerves unite with the lumbo- 
sacral nerve trunk in the following ways and form the sacral plexus. (The anterior 
primary ramus of the fourth sacral nerve divides into upper and lower branches. 
The upper branch joins in the sacral plexus while the lower branch joins in the 
coccygeal plexus). 



Tiff. 8W. A schematic drawing of the sacral plexus of nerves anti its brandies. 

The Iumbo-sacral nerve trunk unites with the first sacral nerve in front of 
the sacroiliac joint to form a nerve trunk which unites with the second, third and 
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Nerve 


Numerical Supply Remarks 

root value 


(7) Posterior femoral cuia* S, 1, 2, 3 
neous nerve 


(8) Sciatic L. 4 5 

S. i, 2, 3 

P) Pudendal S. 2, 3, 4 



'■£ «4,pu6j»- / S. 2, 3, . 


Skin of the back of the 
thigh, skin of the back 
of the leg up to the 
middle of the leg, skin 
of the lower and pos- 
terior part of the 
gluteal region and the 
skin or the perineum. 

Biceps r«noris, semi- 
membracana, seroi- 
tendinosus and the 
adductor nagnus 
By perineal tranches — 

(a) Transvtisus perinei 
profundus, 

(4) Trans versus perinei 
supcrficialis, 

(t) I cfiioca vemosus , 

(/) Bulbospocgiosus, 

\t) Corpus spongiosum 
penis, 

(/) Skin of the scrotum 
or labium, 

(4) Mucous membrane 
of the urethra. 

By dorsal nan of the penis 
or chUn'a^- 

(s) Corpus cavemosum 
penis, 

(h) Crus penis or clitoris. 

Skin of the perineum and 
• the ischiorectal fossa 

7 ? 


They enter the perineal and 
anorectal regions by per- 
forating the is ero tuber- 
ous ligament. 
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Nerve to tbc levator ani, coccygeas and the sphincter ani externus. 
The respective nerve arises from the fourth sacral nerve and then enters the respective 
muscle through its pelvic surface. 

The pelvic splanchnic nerves (nervi errigentes). They arise from the 
second, third and die fourth sacral nerves. By the side of the rectum they unite 
with the corresponding nerves of the opposite side and also with the hypogastric 
nerve from the sympathetics to-form a plexus, the hypogastric plexus which now contains 
both sympathetic and parasympathetic fibres. Then they are distributed to the 
wall of the internal iliac artery and through its branches they supply the rectum, 
bladder, prostate and seminal vesicles (in the male), and the uterus and the ovary 
(in case of female). Some of its branches pierce the urogenital diaphragm and the 
bulb of the penis, others pass below the symphysis pubis, accompany the dorsal 
vein of the penis and join with the dorsal nerve of the penis and are distributed 
to the cavernous tissue of the penis in male. 3n case of females, they supply the 
erectile tissue of the clitoris. 

Functionally the hypogastric nerve (sympathetic nerve) and the nervi errigentes 
(para-sympathetic nerve) are antagonistic to each other. The nervi errigentes 
causes relaxation of the internal sphincters of the bladder and the anal canal and 
at the same time causes contraction of their muscle ^vall and thus helps in the expulsion 
of their content (nerve of evacuation). The hypogastric has the contrary effect. 
They cause contractions of the sphincters and relaxation of the walls of the bladder 
and rectum. Both nerves carry’ sensor y fibres, the pelvic splanchnic nerves carry- 
ing probably the touch, heat and ordinary pain sensations while the hypogastric 
nerves carrying pain fibres of the nature of spasmodic contraction. The pelvic 
splanchnic nerves also send ascending brandies along the left common iliac artery 
wJiich join the sympathetics on the inferior mesenteric artery and are distributed 
through its branches to the left half of the transverse colon, the descending and 
the pelvic colons. The hypogastric nerves cause the prostate and the seminal 
vesicles to contract and empty their content. The pelvic splanchnic nerve 
supplies vasodilator fibres to the arteries supplying the cavernous tissue of the penis 
and thus cause erection of the penis (or clitoris). Because it causes erection, the 
original term ‘nervus errigens* came into being. 


Summary of distribution of the branches of the sacral plexus 


Nene Numerical 

root value 


Supply 


Remarks 


(1) Nerve to the piriformis S. 1, 2 

(2) Nerve to the levator ani, S. 4 
coceygeus and sphincter 

ani ext trims 

(3) Superior gluteal nrrve L. 4, 5 


(4) Inferior gluteal nerve E. 5 
S. 1, 2 


(5) Nerve to the fjuadratus L. 4, 5 
femoris S. I 


(6) Nerve to the obturator L. 4, 5 
intern us S« 1 


Piriformis muscle 
Respective muscle 


Gluteus minimus, gluteus 
medius and tensor 
fascia lata 

Gluteus maxirmu 


Quadratus femoris. 
gemellus inferior and 
the capsule of the hip 
joint. 

Obturator interaus and 
gemellus superior 


Enters the anterior surface 
of the muscle. 

Enters the pelvic surface of 
individual muscle. 

It emerges out of the pelvic 
cavity through the greater 
sciatic notch and passes 
above the piriformis. 

It passes below the piri- 
formis muscle as it come* 
out through the greater 
sciatic notch. 
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Nerve Numerical Supply Remarks 

root value 


(7) Posterior femoral euta- S, 1, 2, 3 
ncoui nerve 


(0) Sclauc L. 4, 5 

S 1. 2, 3 

(9) Pudendal S. 2, 3, 4 


(10) Perineal acd perfora- S. 2, 3, 
ting cutaneous branches 


Skin of the back of the 
thigh, skin of the back 
of the leg up to the 
middle of the leg, skin 
of the lower and pos- 
terior part of the 
gluteal region and the 
skin of the perineum. 
Biceps femoris, semi- 
membranosus, semi- 
tendinosus and the 
adductor magnus 
By perineal branches — 

(a) Transvemu perinei 
profundus, 

(A) Transvcrsus perinei 
superfidalis, 

(e) Ictuocavcmosux, 

(/) Bulbospongiosus, 

(e) Corpus spongioium 
penis, 

(/) Skin of the scrotum 
or labium, 

(A) Mucous membrane 
of the urethra. 

By dorsal nerve of the penis 
or clitoris— 

(o) Corpus cavcrnosum 
perns, 

(A) Cna penis or clitoris. 
Skin of the perineum and 
the ischiorectal fossa 


They enter the perineal and 
anorectal regions by per- 
forating the laerotubet- 
ous ligament. 


(tl) Kervui errigentes S 2,3,4 

Provides para-sympathe- 
tic fibres to the pelvic ) f 

viscera, descending and 
pelvic colons and 
the arteries of the penis 
or clitoris. 

Summary of nerve 

plexuses in the abdomen 

Anterior primary rami of 

Thoracic 

Lumbar Sacral Coccygeal 

Lumbar plexus .. 12 

Sacral plexus . . — 

Coccygeal plexus . . — 

1 , 2, 3, 4 — — 

4, 5 1. 2, 3, 4 — 

— 4,5 1 


Pudendal nerve. It is one of the terminal branches of the sacral plexus 
and derives its fibres from the second, third and the fourth sacral nerves. It descends 
between the piriformis and the coccygcus and passes to the gluteal region through 
the greater sciatic foramen below the piriformis muscle. In the gluteal region 
it crosses the back of the ischial spine and lies medial to the internal pudendal vessels. 
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Superior gluteal nerve. It arises from the dorsal branches of the anterior 
primary rami of the fourth and fifth lumbar nerves and from the first sacral nerve. It 
enters the gluteal region through the greater sciatic foramen above the piriformis 
muscle. It accompanies the superior gluteal artery and soon divides into superior 
and inferior branches. 

The superior branch accompanies the upper branch of the deep division of the 
superior gluteal artery and then ends by supplying the gluteus minimus muscle. 
The inferior branch accompanies the lower branch of the deep division of the superior 
gluteal artery and supplies the gluteus minimus, gluteus medius and the tensor 
fasciae latae muscles. 

Inferior gluteal nerve. It passes From the pelvis through the greater sciatic 
foramen below the piriformis muscle. Its fibres are derived from the dorsal 
branches of the anterior primary rami of the fifth lumbar and first and second 
sacral nerves. It soon divides into branches which enter the deep surface of the 
gluteus xnaximus muscle. 

Nerve to the quadra tus femoris. It derives its fibres from the ventral 
branches of the anterior primary rami of the fourth and fifth lumbar and the first 
sacral nerves. It enters the gluteal region through greater sciatic foramen below 
the piriformis muscle. At first it lies behind the sciatic nerve and then passes deep 
Id the common tendon of obturator intemus and the gemelli. Then it supplies 
a twig to the gemellus inferior and finally enters into the anterior surface of the 
quadratus femoris muscle. It also provides a twig to the articular capsule of the 
hip joint. 

Nerve to the obturator interims. It derives its fibres from the ventral 
branches of the fifth lumbar nerve and the first and second sacral nerves. 

It comes out to the gluteal region through the greater sciatic foramen below 
the piriformis muscle and then crosses the back of the ischial spine where it lies on 
the lateral side of the internal pudendal vessels. In this situation it provides a twig 
to the gemellus superior muscle and then re-enters the pelvis through the lesser 
sciatic foramen and finally enters into the pelvic surface of the obturator intemus. 

Posterior cutaneous nerve of the thigh (Posterior femoral cutaneous 
nerve). It derives its fibres from the dorsal branches of the anterior primary rami 
of the first, and second sacral and from the ventral branches of the anterior primary 
rami of the second and third sacral nerves. It emerges to the gluteal region through 
the greater sciatic foramen below the piriformis muscle. In the gluteal region it 
Vies. untier cover of the g’mteus maximus and descends downwards vrilVi lYtc inferior 
gluteal artery on the medial side of the sciatic nerve. Then it descends vertically 
downwards through the back of the thigh, and opposite the back of the knee joint, 
it . pierces the deep fascia and becomes cutaneous and descends downwards along 
with the short saphenous vein; opposite the middle of the leg it ends by commu- 
nicating with the sural nerve. In its course it gives out collateral branches which 
supply the skin of the back of the thigh and the skin of the back of the leg as far as 
the middle of it 

It also supplies the skin covering the lower and lateral part of the gluteus maximus 
muscle by its gluteal branches. By its perineal branches it supplies the upper 
and medial part of the thigh, scrotum or labium majus and ends by communicating 
with scrotal and perineal naves. 

Perineal and perforating cutaneous nerves. They arise from the second, 
third and the fourth sacral nerves; they pierce the structures attached to the lateral 
side of the coccyx and finally are distributed to the skin covering the ischiorectal 
fossa and the perineum. 

Sciatic nerve. It is the larger terminal branch of the sacral plexus and is 
the largest nerve in the body. At its origin it is wide as much as 2 cm. It enters 
the gluteal region through the greater sciatic notch below the piriformis muscle 
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and lies in the interval between the greater trochanter of the femur and the ischial 
tuberosity. It then descends on the back of the thigh and finally divides into 
common peroneal (Literal popliteal) and tibial (medial popliteal) nerves opposite 
the junction of the middle with the lower-third of the thigh. 



Fig. 868. TJie structures under the gluteus maximus. Note the position or the sciatic and Other 
nrrxes. From the dissection hall, N R. Sircar Medical College, Cat.; with kind permission from . 
vVie V«>t. ot toeftomy. 

In the gluteal region it is covered by the gluteus maximus muscle and lies 
upon the posterior surface of the ischium, the nerve to the quadratus femoris inter- 
vening. It then lies successively upon the common tendon of obturator interims 
and the gemelli and the quadratus femoris muscle. 

It is separated from the obturator externus and the capsule of the hip joint by 
the quadratus femoris muscle. On its medial side there lies the posterior cutaneous 
nerve or the thigh and the inferior gluteal vessels. In the thigh it lies upon the 
adductor magnus muscle and is obliquely crossed by the long head of the biceps 
femoris muscle. 

Branches: 

(1) Articular to the hip joint. 

(2) Muscular to hamstrings (Biceps femoris, semimembranosus and semi- 
tendino3us) and adductor magnus. 

(3) Terminal, common peroneal and tibial nerves. 
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{Hi Lain posterior, flexor digiwrum longm and the flexor hallucis iongus. Hie nerve 
in the flexor haUucix Iongus runs in company with the peroneal vessels* 



The nerve to the popllteus. After its origin from the tibia! (medial popliteal) 
nerve in betssrrrj the two heads of the gastrocnemius it crosses the popliteal vessels 
and reaches the lower border of the poplitem muscle. Then It winds round it* 
lower border and end* into its deep surface. It also provides n small muscular 

branch to the tibialis posterior mu'de, anarticular branch to thcsupcriorliln’o-fibtilar 

joint, an interosseous branch xshich run* downwards in close relation to the 
fibula ami ends by supplying the inferior tihio-fibular joint, and a medullary 
branch to the tibia. 

The nerve to the plantar!*. It is the first lateral and tlie highest branch 
of the tibial (medial popliteal) nerve and arises from it above the knee joint and 
ends by entering into the plantaris muscle. 

The nerve to the lateral head of the gastrocnemius. It lies below the 
nerve to the plantar!* and ends by entering into the lateral head of the gastrocnemius. 

Nerve to the aolens. It arises from the tibial (medial popliteal) nerve 
opposite the back of the knee joint an*.! Immediately alxsvr the nerve enr-ses 
the popliteal artery. It descends on the lateral title of the popliteal artery foe * 
sh**rt nits «ht and th-n entm into the s&letis muscle. 
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Nerve to the medial head of the gastrocnemius. It arises from its medial 
above the knee joint and ends by entering into the medial head of the gas- 
aemms. 



the medial cafcaneaf vessels and nerves From the dissection hail, N. R Sircar Medics! 
College, Cal; with kind permission from the Prof, of Anatomy. 


(3) Soral. JjLis a-cnta ncous bra nch from the tibial (medial popliteal) nerve 
which descends in between thetwo heads of the gastrocnemius and pierces the deep 
lascia opposite the middle of the leg. It then lies on the lateral side of the tendo- 
calcaneus and finally goes to the lateral side of the foot and supplies the lateral 
margin of the foot and the lateral side of the little toe. On the back of the leg it is 
joined by the sural communicating branch from the common pe-oncai (lateral 
popliteal) nerve and lies in close relation to the short saphenous vein. On the 
back of the leg it also communicates with the posterior cutaneous nerve of the 
thigh; on the lateral side of the foot it communicates with the lateral branch of 
the superficial peroneal (musculocutaneous) nerve. 

(4) Cutaneous. They are the medial calcaneal nerves which together with 

jal branches of the posterior tibial artery perforate the flexor retinaculum 
r the skin of the heel and the media! side of the sole of the foot. 
erminal. They are the medial and lateral plantar nerves (see sole of 

nedial plantar nerve. It is the medial terminal branch of the (posterior) 
e and begins under cover of the flexor retinaculum. It then passes deep 
uctor hallucis in company with the medial plantar vessels to reach the 
: tween the abductor hallucis and the flexor digitorum brevis where it 
o plantar digital nerves. It lies on the lateral side of the medial plantar 


and distribution: 

(1) Cutaneous. They pierce the plantar aponeurosis in the interval between 
the abductor halturis and the flexor digitorum brevis and supply the skin of the 
medial part of the sole of the foot. 
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(2) Articular. They supply the articulations of the tarsus and metatarsus. ' 

(3) Digital nene of the great toe. It supplies the medial side of the great toe 
and also provides a small twig to flexor haliucis brevis muscle. 


abductor HAuuas- 



TENDom OF 
FLEXOR OlOTORIJM 
BREVIS 

PEANTAR OICITAl NERVES 


■UEXOR Diem MINIMI BREVIS 


LATERAL PLANTAR ARTERY 
LATERAL PLANTAR NERVE 
ABOUCTOR DIGIT! MINIMI 


■FLEXOR OiCITORUM BREVIS 


Fg “ ,hoW “>c structures of the second layer. Note the distribution 

or the medial wdbteral plantar nerve*. From the dissecl.on hall, N. R. Sircar Medical 
college, Cal ; with kind permission from the Prof. 0 r Anatomy. 

nervr^lmSf/?'^ Tfu 7 h< ? ar f dircc in number - The first plantar digital 
wliirft .u lumbrical muscle and divides into two brandies 

fh P i y J?n T'VT *fe of ,hc *"** and the *«°nd toes. The second 
Snrh fmm S an . d ? c . thlrd tocs ’ and ,he third receives a communicating 
theSrth Too 1 p,antar ncrvc and thcn supplies the sides of the third and 

and 2? dnlSrtJIS!* aI fe reachin g the d ig'‘ts gives out cutaneous, articular 
baH ^Tt^ ChC t. T hc « utan «nw branches supply the skin as far as the 
dorsal liranrh '• , C ar ^ cubir brandies supply the interphalangeal joints. The 
bv sunnlvino- i° U j °PP oslle distal phalanx and it goes upwards and ends 

oy supplying the nail bed and structures around it. 

tibiai^ervT 61 ? 1 / plan * ar ” er y e * ** thesmallcr terminal branch of the (posterior) 

supplies the lateral side of the little toe and the contiguous sides 
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the first, second and the third dorsal ialcrr ossci a n d the first and the second p lantar 
interossei m ti $ £*. ,Jt s up pi LCS_dLtheintexossdImusclHSccp tOtoscAvEgToccupy 
the fourth i ntcrmetatar sa l space. 

Tlie common peroneal (lateral popliteal) nerve. It begins opposite 
the junction of the middle with .the Iower-thirdjsf the thigh as on e of t he je rminal 
branchcs-of-the-sciatic nerve.^ Its fibres are derived from the dorsal division of 
the anterior primary' rami of the 4 .th and 5th j mn bar arid _ jhg_Igl and 2nd sac ral 
nerves. It descends downwards along’ the lateral siHc^Tthe^opiiteal-fossa-Iying 
deep to the tendon of the biceps fe moris muscl e. 'Tn t b* lower p art-of the poplite al 
fossa it int e rvene s between the T endon ol the bicep s femor is and the la teral head 
of t he gastroc nem ius mus cfe~. “Then it winds round thclateral side of the neck 
of the fibula undeF cover* of the peroneus longus muscle and finally it divides into 
superficial peroneal (musculocutaneous) and deep pcronCfcl (anterior tibial) nerves. 

Branches: 

(1) Articular. Three in number — superior lateral genicular, inferior lateral 
genicular and the anterior tibial recurrent. They accompany the corresponding 
arteries and end by supplying the knee joint. 

(2) Cutaneous. Two in number — lateral cutaneous nerve of the calf of the 
leg and the sural communicating. The lateral cutaneous branch supplies the 
anterior, posterior and the lateral aspects of the upper part of the leg. The sural 
communicating joins with the sural nerve opposite the middle of the calf of the leg. 

(3) Terminal. Deep peroneal (Anterior tibial) and the superficial peroneal 
(musculocutaneous). 

Tlie deep peroneal (anterior tibial' nerve. It is the larger terminal branch 
of the coiffinOTT peroncaTnervc and supplies the muscles of anterior crural region 
(Tibialis anterior, extensor digitorum longus, extensor hallucu longus and the 
peroneus tertius), the first and the second dorsal interossei, the extensor digitorum 
brevis, all the tarsal articuladons, the metatarsophalangeal joints of the first, 
second, third and the fourth toes and also supplies the contiguous sides of the 
great and die second toes. 

At its origin it lies between the neck of the fibula and the peroneus longus 
muscle and then passes downwards and forwards behind the extensor digitorum 
longus and reaches the front of the interosseous membrane. It then comes in 
close relation to die anterior tibial vessels. Accompanying the anterior tibial vessels 
it descends downwards to the front of the ankle joint where it lies beneath the superior 
extensor retinaculum and in this situation divides into medial and lateral branches. 
At first it lies on the lateral side of the artery, then in front of it and in the lower 
part of the leg and in front of the ankle joint it again goes to its lateral side. 

The mwrfin' AnmcA of the deep peroneal (anterior ti'ui’ai’j nerve runs rbrnardr 
on the dorsum of the foot and lies on the lateral side of the arteria dorsalis pedis. 
It lies in the first intermetatarsal space and provides a communicating branch, an 
interosseous and two terminal dorsal digital nerves. 

The communicating branch communicates with the medial branch of the 
superficial peroneal (musculocutaneous) nerve in the same space. The intero- 
sseous branch provides a twig to the first dorsal interosseous muscle and supplies 
articular filaments for the first metatarsophalangeal joint. The two dorsal digital 
nerves supply the contiguous sides of the great and the second toes. 

The lateral branch passes laterally across the tarsal bones lying deep tothe extensor 
digitorum brevis muscle and then forms pscudogangliform enlargement likcThat 
of the posterior interosseous nerve at die wrist from whicKlt'gives'out'tBrce interos- 
seous branches. It provides a muscular branch which supplies- the^exte nsor di gi- 
torum brevis muscle. The interosseous branches ‘supply all the tarsal'joTnts~and 
the metatarsophalangeal joints of the second, third and the fourth_toes. The first 
interosseous branch supplies a twig to the second dorsal interosseous muscle. 
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The superficial peroneal nerve (musculocutaneous nerve of the leg). 
s the smaller terminal branch of the common peroneal (lateral popliteal) nerve, 
first supplies muscles and then becomes cutaneous and hence it is called musculo - 
taneous. rTsii ppSics th«Tperoncu5 longus et brevis muscle, the^Knofth gJgSec. 

rfT?rih"fi ! oSr~pntH c “ 

TlH cTkin of the dorsum 
'"the" footT" the m edial 
le oi the'gfeaTtoc, the 
dfoccrit 'sides" of tKc 
xontTandJlie third td 57 
he tlurdand _the fourth 
.Tfinfi eldburth-and the 
ifthlo cs^ 

At its origin the 
superficial peroneal (mus- 
culocufaheous) Tierve lies 
bet ween the neck of lhe ' 
fibul a" "and the pe roneu s 
lo ngus~ rousclc7~ t hen"" it 
descen ds through th e 
fibres of the peroneus 
b revis aricf~Iics be tween 
t he, peronci ~and~ tH ~e~g f- 
tensor di gildfum ' long ns 

ing t he lower "one^tl urd of 
the leg it pierces~thcl3eep 
fasci r~an 'c r~lTicn fjmdes 
into 3.51?al anH~~l ateral 
branch es. In its cour se 

thro qglfthe peronej j" it 

provides " muscular "bran- 
ches~To"th esam e rmiscl es. 

' InTits course through 
the lo wer part o Pthe leg 
it pr ovides' cuta neous 
bran ches wh ich supply 
the s km of the front of 
the lo wer part oTflfcr leg. 

Tlic media l i rancA . 
passe&_pie_^front._of_'"tbe. 
ank le joint and divides 
into two dorsal digital 
plies the 
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l side of the great 
t oe~~ and eorffliiunicatcs 
withs^ T the sa phenous 
ner ve ancTt fic other~com- 
munHS tes~with~rh earned - 
ial-branchofthe^hferior 

tibi al nerve a nd then 

supplies tHc contiguous 
sides ofj He se cond, and 

e The la£nH*meh _ v ass es to the lateral side of the dorsum of the foot and then 
divides into jtuai^Qi^daj gitaT herv5^~_Pne supplies the" adjacent sides of the third 
and the fourth toes a ndlhe dther communicates with the sural nerve on the lateral 
side of the {ooTand gieti supplies th'e~cbntiguom sides ollhe lourttt ana mFfittffToes. 


Tit; 874. The right tibiofibular region to show the structures 
in the extensor compartment. Note the superficial and the 
deep peroneal nerves. From the dissection hall, N.R. Sircar 
Medical College, CaL; with kind permission from the Prof, of 
Anatomy. 
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The medial and the lateral branches of the superficial peroneal nerve provide 
cutaneous filaments which supply the skin on the dorsum of the foot. 


COMMUNICATING BRANCH TO 
MUSCULOCUTANEOUS NERVE 
FROM SURAL NERVE 


ARTER1A DORSALIS PEDIS 

MEDIAL 8 RANCH OF 
ANTERIOR T1BIAL NERVE 
TENDON OF EXTENSOR 
DicrroRUM longus 



COMMENCEMENT 
LONG SAPHENOUS 
VEIN 


Tig 875. Tlic dorsum of the right foot. Note the distribution of the cutaneous nencs. From the 
dissection hall, N R. Sircar Medical College, Cal.; with kind permission from the Prof, of 
Anatomy 

Neurological value of the muscles of the leg and the foot: 

(1) Muscles supplied by the deep peroneal ( anterior tibial) nerve — (L. 4, 5 and S. 1). 
(a) Tibialis anterior. 

(5) Extensor halluds longus. 

(c) Extensor digitorum longus. 

(d) Pcroneus tertius. 

{«) Extensor digitorum brevis. 

( f ) First and second dorsal interossei muscles. 


(2) Muscles supplied by the crural or louer part of the tibial nerve — 
(a) Flexor digitorum longus (L. 5 and S. 1 ) . 

($) Flexor hallucis longus (L. 5 and S. 1 and 2). 

(c) Tibialis posterior (L. 5 and S. 1), 
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(3) Muscles supplied by the {superficial peroneal) musculocutaneous net te of Ike leg — 

(a) Peroneus longus (L. 4, 5 and S. 1). 

(b) Peroneus brevis (L. 4, 5 and S. 1). 

(4) Muscles supplied by the medial plantar nerve — 

(a) Abductor halluctsTtt,. 5 and S. 1). 

(b) Flexor digitoruraprevjs (L. 5 and S. 1,2, 3). 

(c) Flexor hallucis tee vis (L. 5 and S. 1). 

(d) First lumbricaF(L. 5 and S, 1). 

(5) Muscles supplied by the lateral plantar nerve — 

(a) Abductor digiti minimi (S. 1, 2). 

(b) Flexor digitoruro accessorius (S. 1 )• 

(c) Flexor digiti minimi brevis (S. i, 2). 

(d) All the interossei muscles (S. 1,2)- 

(e) Second, third and the fourth lumbricales (S. 1,2). 

If) Adductor hallucis (S. 1,2). 


THE AUTONOMIC NERVOUS SYSTEM 


The autonomic nervous system is an integral part of the central nervous system 
vhose action is automatic without having any voluntary control. It has wide field 
)f distribution and like the somatic system it also possesses efferent and afferent fibres 
md centres in the cortex and in the hypothalamus. But it differs from the somatic 
terves in that its fibres have cell stations outside the central nervous system in some 
Jcriphcral ganglia before they reach their destination. 

The autonomic nervous system consists of a central portion and a peripheral 
portion. The central portion has a cortical and a hypothalamic representations. 
The peripheral portion consists of the sympathetic and the parasympathetic systems. 
Sach of these systems again consists of efferent and afferent paths. 

Cortical representation. The premotor area of the brain, area 6, which 
s' confined to the anterior part of the precentral gyrus and the posteriorpartsof the 
uperior and middle frontal gyri, is believed to have a cortical representation of the 
central antonomic nervous system. 

Hypothalamic representation. The anterior portion of the hypothalamus 
epresents the hypothalamic centre for the sympathetic system while its posterior 
jortion represents the parasympathetic reflex centre. 


Autonomic nervous system 


Central autonomic system 


Peripheral autonomic system 


Sympathetica 


r 

Efferent 


Pamympathetics 


Afferent Efferent 


THE SYMPATHETIC SYSTEM 

The sympathetic system consists of sympathetic nerve trunk associated with 
ympathetic ganglia, there being as a rule one ganglion for each spinal nerve. But 
n the cervical region there arc only three ganglia, superior, middle and inferior, 
irobably due to fusion of two or more ganglia intoone. The inferior cervical ganglion 
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is often fused with the first thoracic ganglion to form the stellale ganglion, and 
inferior! y, there ls only one coccygeal ganglion. 

The sympathetic ganglia are connected with one another by a chain of both 
medulla ted and non-medullatcd fibres and thus an elongated chain of fibres with 
ganglia is formed on each side of the vertebral column. Each sympathetic ganglion 
receives a white ramus communieam from the anterior root of the corresponding 
spinal nerve and sends a grey ramus communieam to the same. This mode of 
communication only exists in the thoracic and upper lumbar regions (third or fourth 
lumbar nerves). In the cervical and lower lumbar regions sympathetic ganglia do 
not receive white ramus communicans from the corresponding spinal nerve but they 
send out grey ramus communicans as usual. The cervical ganglia receive their white 
ramus communicans from the first or second thoracic spinal nerve while the lumbar 
ganglia below the fourth lumbar segment of the spinal cord receive white ramus 
communicans from the upper lumbar nerves. 

Collateral ganglia or prevertebral ganglia. In the abdomen there is a 
system of collateral or prevertebral ganglia which lie in front ortheabdominalaorta 
in association with the origin of its large ventral branches. They are cotliac, and 
m/wiorand inferior mesenteric ganglia and plexuses and it is through these ganglia that 
the abdominal organs receive their sympathetic innervation. These ganglia receive 
their white rami communicans from the thoracic region which emerge from sixth 
to eleventh thoracic ganglia as the splanchnic nerves and end by arborization around 
these ganglia. 


Sympathetic paths. It is known that all sympathetic nerves after their origin 
from the spinal cord must have a synaptic termination in one ormorc ganglia before 
reaching their area of distribution. They arise from the lateral hom of the spinal 
cord and emerge through the anterior hom along with the anterior root fibres, and 
then by way of white ramus communicans, they reach the sympathetic ganglion 
where they end by synaptic termination around the cells of the ganglion. Relay 
fibres arise from the sympathetic ganglion cells which are then distributed to 

f (articular parts or organs. The first neuron fibres, that is, the fibres from the 
aternl hom of the spinal cord to the sympathetic ganglion, are medullated and are 
called the preganglionic fibres whereas the second neuron fibres, that is, the fibres 
from the sympathetic ganglion up to the area of distribution, are non-medullatcd and 
arc called the post-ganglionic fibres. * 

Preganglionic fibres before entering into some particular ganglion or ganglia may 
pass up and down through the sympathetic trunk and may travel through several 
ganglia uninterrupted before terminating into their particular ganglion or ganglia. 
JThe fibres of distribution, that is, the post-ganglionic fibres either accompany the 
spinal nerve as grey ramus communicans or accompany some blood vessels to reach 
their destination. 

The fibres of grey ramus communicans pass along with spinal nerve and are 
distributed along with the same nerve. The areas covered by these fibres are the 
skin of the trunk and limbs, and their fibres are distributed to the arterioles and 
capillaries (vaso-constrictor), sweat glands( secretory), arrectorcs pilorum (hair 
muscle) and the blood vessels of the muscle (vasodilator). 

The post-ganglionic fibres that accompany the blood vessels In the neck arc 
mostly distributed in the structures of die head and neck. 

Regional distribution. 


Upper limb. The preganglionic fibres for the upper- 
limb arise in die upper thoracic segments of the spinal cord and end by synapses 
around the cells of the stellate ganglion and middle cervical gapgfitm’ from where 
post-ganglionic fibres of distribution arise. 


f Lower limb. Preganglionic fibres for the lower limb arise from the lower 
thoracic and upper lumbar segments of the spinal cord. 

Hand and ncek. The preganglionic fibres for the head and neck arise from 
the first and second thoracic spinal nerves and ascending along the sympathetic trunk 
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they end in the superior cervical ganglion from where post-ganglionic fibres arise and 
are distributed along with the blood vessels as follows: 

( a ) The fibres to the skin supply the arrectores pilorum, rue at glands and the 
smaller blood vessels. 

(b) Salivary glands and lacrimal and buccal glands receive secretory and 
vaso-constrictor fibres. 

(f) The arteries supplying the brain receive vaso*constrictor fibres. 

(d) The eye receives motor fibres to the dilator pupillae, orbitalis muscle and 
Mullers muscles. 

Thoracic viscera. The preganglionic fibres for the thoracic organs arise From 
the second to the fourth thoracic nerves and are relayed in the stellate ganglion and 
inferior and middle cervical ganglia from where post-ganglionic fibres arise and are 
distributed mainly to the cardiac and pulmonary plexuses through which they 
supply the heart and the lungs. The fibres for the heart are cardio-accellatory 
and dilator to the coronary' arteries. The lungs receive broncho-dilator and vaso- 
constrictor fibres. 

Abdominal organs. The preganglionic fibres supplying the abdominal organs 
are derived from fifth to eleventh thoracic spina! nerves and emerge through the 
sympathetic trunk uninterruptedly as the splanchnic nerves. The splanchnic nerves 
form synapses with the different prevcrtebral ganglia (coeiiac, superior and inferior 
mesenteric and hypogastric) from which postganglionic fibres arise and supply the 
different organs along the walls of the vessels as follows: 

_ (a) Stomach and intestines receive vasoconstrictor and inhibitory fibres for 
their walls and acccleratory or motor fibres for their sphincters. 

(6) Tire liver is supplied with vaso-constrictor fibres and their stimulation causes 
discharge of glucose into the blood. 

(c) Urinary bladder also receives inhibitory fibres for its walls but motor or 
acccleratory fibres for its sphincter. 

(d) Gall bladder is supplied with motor fibres which are derived from the ninth 
segment of the spinal cord and their stimulation causes contraction of the same. 

(<) The spleen is supplied with motor fibres to its plain muscle and their stimula- 
. ign causes diminution in size and expulsion of blood from the spleen. 

(/) The suprarenal gland receives sympathetic fibres which are preganglionic 
and end by synapses around the medulla of the gland. Stimulation of sympathetic 
discharges adrenalin into the circulation. • 

(g) The uterus is only supplied by sympathetic nerves and its fibres are derived 
from the 10th, II th, 12th thoracic, 1st lumbar and 3rd and 4th sacral segments of the 
spinal cord. 

THE CRANIAL OR THE CEPHALIC PART OF THE 
SYMPATHETIC SYSTEM 

The internal carotid nerve, which is a bundle of post-ganglionic nerve fibres 
from the superior cervical sympathetic ganglion, ascends upwards from the upper 
end of the superior cervical sympathetic ganglion along the dorsal aspect of the 
internal carotid artery and runs into a plexus around the walls of the artery to form 
the internal carotid plexus. Occasionally a gangliform swelling, the carotid ganglion 
may be found in a plexus on the posterior aspect of the internal carotid artery. 

The internal carotid plexus of nerves may be divided into lateral and medial 
branches which lie along the corresponding aspects of the Internal carotid artery* 
The branches from the plexus supply the internal carotid artery, and through its 
hypophyseal branches, they supply the hypophysis cerebri and through its terminal 
branches (Middle and arterior cerebral and the ophthalmic branches) to the pia- 
mater covering of the brain and the eye-ball. The plexus also provides commu- 
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nicating branches which communicate with the trigeminal, ciliary and pterygo- 
palatine ganglia and with the ophthalmic, oculomotor, trochlear, abducent nerves 
and with the tympanic branch of the glossopharyngeal nerve. 

The branches to the ciliary ganglion constitute its symphatic root and pass 
through the ganglion uninterruptedly and then run along with the short and long 
ciliary' nerves. Those accompanying the short ciliary nerves are distributed to the 
blood vessels of the eye-ball while those accompanying the long ciliary nerves supply 
the dilator pupillac. 

The branches which are destined to connect the pterygopalatine ganglion 
form the deep petrosal nerve which pierces through the cartilage that covers the foramen 
lacerum and then joins with the greater (superficial) petrosal nerve to form the nerve 
of the pterygoid canal. They pass through pterygoid canal and join the ptery- 
gopalatine ganglion (sphenopalatine ganglion). 

The branches which join with the tympanic branch of the glossopharyngeal 
nerve form the superior and the inferior caroticotympanic nerves which pierce 
through the wall of the carotid canal to gain entrance into the tympanic cavity where 
they form the tympanic plexus together with the tympanic branch of theglossopharyn- 
gcal nerve. 

Within the cavernous sinus the branches from the plexus communicate with 
the oculomotor, trochlear, abducent and with the ophthalmic nerve. 


THE NUCHAL OR THE CERVICAL PART OF THE 
SYMPATHETIC SYSTEM 

The cervical part of the sympathetic system consists of the cervical sympathetic 
trunk and the three ganglia, superior, middle and infciior, associated with it. 

Cervical sympathetica. A3 elsewhere the cervical sympathetica consist 
of sympathetic ganglia which are three in number and sympathetic nerve trunk 
connecting the different ganglia to one another. The three ganglia according 
to their situations are named as superior, middle and inferior; cervical sympathetics 
send out grey rami communicans to all the cervical spinal nerves but they do not 
receive any white rami communicans from them. They derive their spinal fibres 
(preganglionic fibres) from the first and second thoracic spinal nerves which give 
wliite rami communicans to the thoracic sympathetic ganglion through which 
the spinal fibres ascend in the sympathetic trunk to reach the cervical sympathetic 
ganglia. 

The cervical sympathetic trunk lies in the prevcrtebral fascia and intervenes 
between the prevcrtebral muscles behind and the carotid sheath in front. Above 
it is continued as the cranial sympathetic and below it is continuou 4 with the thoracic 
sympathetics. Each ^antjlion gives out conmuirucatio^ hcanchei, visceral brandies 
and vascular branches. 

The superior, cervical sympathetic ganglion. It is the largest of the 
three and fusiform in shape and lies opposite the transverse processes of the second 
and the third cervical vertebrae and intervenes between the longus capitis muscle 
behind and the internal carotid artery in front. Its communicating branches commu- 
nicate with the first four cervical nerves with grey rami communicans and also with 
the glossopharyngeal, vagus and the hypoglossal nerves. Its visceral branches arc 
the cardiac and pharyngeal nerves and its vascular branches are distributed to the 
walls of the external carotid artery. 

The middle cervical sympathetic ganglion. It is the smallest of the 
three cervical sympathetic ganglia and lies opposite the transverse process of the 
sixth cervical vertebra cither in front of or behind the inferior thyroid artery. It 
gives out communicating branches to the fifth and sixth cervical nerves; its visceral branches 
are the cardiac and thyroid nerves and its vascular branches are distributed to the 
wall of the inferior thyroid artery. 
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The inferior cervical sympathetic ganglion. It is larger than the middle 
ganglion but smaller than the superior one and lies in between the neck of the first 
rib and the transverse process of the seventh cervical vertebra behind the origin 
of the vertebral artery. It gives out communicating branches to the seventh and 
eighth cervical nerves; its visceral branch is the cardiac nerve and its vascular 
branches are distributed to the trail of the subg)nvfo n artery. The inferior cervical 
ganglion may be fused with the first or firstand second thoracic ganglia cons- 
tituting what is known as stellate ganglion. It lies either in front of the lateral 
border of the longus cervicis or just lateral to it, and the superior intercostal artery 
lies immediately lateral to it. If the cervical sympathetic is damaged the following 
syndrome occurs : 

(1) Horner’s syndrome. 

(a) Pin-point pupil (Miosis) due to paralysis of the dilator pupillae. 

(b) Drooping of the upper eyelid due to paralysis of the tarsal muscle (Muller’s 

muscle). . 

(c) Recession of the eye-ball within the orbit (Enophtbalmos) due to paralysis 

of the orbitalts muscle that stretches between the margins of the inferior 
orbital fissure. 

(2) Absence of sweating on the same side of the head and face. 

N. B. Some of the twigs From superior cervical sympathetic ganglion also pass to 
the superior bulb of the internal jugular vein and to the meninges of the posterior 
cranial fossa. The pharyngeal or the laryngopharyngeal branches run downwards 
and medially to the side wall of the pharynx where they unite with the pharyngeal 
branches from the vagus and the glossopharyngeal nerves to form the pharyngeal 
plexus. The carotid body is also supplied by some twigs from this branch. 

The vascular branches to the external carotid artery are distributed along with 
its branches. The plexus of nerves that surrounds the facia! artery sends some fila- 
ments to the submandibular ganglion and that around the middle meningeal artery 
sends two communicating twigs, one joins with the otic ganglion and the other, 
which is also known as the external petrosal nerve, joins with the ganglion of the facial 
nerve. 

The middle cervical sympathetic ganglion is connected with the inferior ganglion 
by two or more slender cords of nerves. One of these cords splits to encircle the 
vertebral artery and another passes is front of the first part of the subclavian artery 
medial to the origin of the internal thoracic (mammary) artery and then makes 
a loop that arches below and behind the artery and this loop is known as the ansa 
svbclavia. 


THE THORACIC PART OF SYMPATHETIC SYSTEM 

The thoracic part of the sympathetic system is continuous above with its cervical 
part and below with its lumbar part. It consists of the sympathetic ganglia, and 
the trunk which intervenes between the ganglia. The number of the ganglia usually 
corresponds to the number of the thoracic spinal nerves but their number may 
be reduced due to either fusion of the first thoracic ganglionar the first and second 
ganglia with the inferior cervical sympathetic ganglion. The last two or three 
ganglia may also coalesce together to give the reduced number of the ganglia. 

Each thoracic ganglion sends a grey ramus communicans to the corresponding 
thoracic spinal nerve and receives a white ramus communicans from the corres- 
ponding thoracic spinal nerve. The two rami communicans axe attached to the ganglion 
in a proximal-distal arrangement and the white ramus communicans is distal to the grey one. 

Relations with the ribs and vertebrae. The first thoracic ganglion and 
the adjoining portion of the sympathetic trunk lie in front of the neck of the first 
rib and lies under cover of the costal pleura. The thoracic ganglia from second 
to the ninth lie opposite the head of the numerically corresponding rib being covered 
by the costal pleura while the last three ganglia lie opposite the sides of the bodies 
of the corresponding vertebrae. 

72 
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Brandies. In addition to the grey ramus communicans which joins with the 
corresponding thoracic spinal nerve the thoracic sympathetic ganglia provide 
medial branches as follows: 

The medial branches from the upper five ganglia may conveniently be grouped 
into vascular and visceral branches. 

The vascular branches are slender, short twigs which are distributed to the 
walls of the thoracic aorta where they form a plexus together with the branches 
from the greater splanchnic nerve. 

The visceral brandies are pulmonary, cardiac, oesophageal and tracheal. 
The pulmonary branches come from the second, third and the fourth thoradc ganglia 
and they end by joining with the posterior pulmonary plexus. The cardiac branches 
emerge from the second, third, fourth and the fifth ganglia and they run medially 
to join the deep part of the cardiac plexus. The filaments to the trachea and the 
oesophagus arc the small twigs that come from the pulmonary and the cardiac 
branches to these structures. 

The medial branches from the sixth to the twelfth thoracic ganglia constitute 
the three splanchnic nerves such as the greater, the lesser and the lowest splanchnic 
nerves as follows. 

The greater splanchnic nerve. Origin. The medial branches from the 
sixth to the ninth or tenth thoracic ganglia run obliquely downwards and medially 
under cover of the costal pleura and as they run downwards the upper branch 
joins with the branch below it and ultimately reaching the lower part of the thoracic 
cavity they are all united to form a nerve trunk, the greater splanchnic nerve. The 
component ganglionic branches, as they descend, cross the intercostal vessels and 
nerves and the bodies of the lower thoracic vertebrae obliquely on both sides and 
arc related medially to the inferior hemiazygos vein and the descending thoracic 
aorta on the left side and with the azygos vein and the oesophagus on the right side. 

Course. The trunk of the greater splanchnic nerve is short and it runs down- 
wards and medially in front of the bodies of the lower thoracic vertebrae and enters 
into the abdomen by piercing the corresponding crus of the diaphragm. 

Termination. In the abdomen it terminates mainly in the coeliac ganglion 
and partly into the aorticorenal ganglion and into the suprarenal gland. At 
its termination opposite the body of the eleventh or twelfth thoracic vertebra the 
nerve may be associated with a ganglion known as the ganglion splanchnicttm. 

Constituent fibres. The greater splanchnic nerve contains preganglionic medullated 
fibres and cisceral afferent fibres. 

Functional components. Functionally the gi eater splanchnic nerve contains viscero- 
motor or visceral efferent and viscero-sensory or visceral afferent fibres. 

Distribution. Post-ganglionic fibres from the coeliac ganglion provide sympathe- 
tic autonomic fibres for the liver, spleen, pancreas and the G. I. tract from stomach 
down to the right f of the transverse colon. 

The lesser splanchnic nerve is formed by branches from either ninth and 
tenth, or tenth and eleventh thoracic sympathetic ganglia and enters into the abdo- 
men by piercing through the crus of the diaphragm along with the greater splanchnic 
nerve and ends in the aorticorenal ganglion. 

The lowest splanchnic nerve arises from the twelfth or the last thoracic 
ganglion and passes beneath the medial arcuate ligament along with the sympathetic 
trunk to gain the abdominal cavity where it ends in the renal plexus. 

THE LUMBAR PART OF THE SYMPATHETICS 

There are five lumbar spinal nerves but there are only four ganglia associated 
with the lumbar part of the sympathetic chain which lies in front of the bodies of 
the lumbar vertebrae and descends downwards in relation to the medial margin of 
tlie psoas major muscle. 
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Grey and white rami connections. The lumbar sympathetic ganglia 
provide grey rami communicant to all the lumbar nerves but only the upper two 
or three ganglia receive white rami communicant from the corresponding lumbar 
nerves. 'Him the lower lumbar nerves do not provide any white rami communicans 
to the sympathetic ganglia. 



Branches. The lumbar part of the sympathetic system provides visceral and 
vascular branches. 

The visceral branches from the lumbar sympathetic ganglia are called the lumbar 
splanchnic nerves and they are four in number, each arising from the correspon- 
ding ganglion. The first lumbar splanchnic nerve joins with the coeliac, renal and 
intermesenteric (aortic) plexuses, the second with the intermesenteric plexus only, 
the third (which crosses in front of common iliac vessels) with die upper part of the 
superior hypogastric plexus while the fourdi lumbar splanchnic nerve descends 
downwards deep to the common iliac vessels to terminate in the lower part of the 
superior hypogastric plexus. 

The lascular branches from the lumbar ganglia are direct and indirect. Some 
of the direct branches pass from the ganglia to the intermesenteric plexus, through 
which, their fibres are distributed, and some others from the lower splanchnic nerves 
run along the common iliac artery and along it to the external and internal iliac 
branches. Those accompanying external iliac artery reach as far as the proximal 
part of the femoral artery. The indirect vascular branches from the lumbar sympa- 
thetic ganglia pass to the lumbar nerves by grey rami communicans and then they 
travel the femoral and the obturator nerve. Through femoral nerve and its branches, 
the femoral artery and its branches are supplied with vasoconstrictor fibres, and 
through obturator nerve, the vasoconstrictor fibres are distributed to the obturator 
vessels. 


THE SYMPATETIC SYSTEM IN THE PELVIC CAVITY ' 

The pelvic part of the sympathetics is continuous above with its lumbar part 
and the two chains converge below to end into an unpaired, median ganglion, the 
ganglion Impar situated in front of the body of the first coccygeal vertebra. The 
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two chains, one on each side, descend along the front of the bodies of the sacral 
vertebrae lying medial to the anterior sacral foramina under cover of the parietal 
peritoneum; the median sacral artery, which descends in front of the sacrum in 
the median plane, intervenes between the two chains. 

Grey and white rami communicans. The sacral sympathetic ganglia 
provide grey rami communicans to the corresponding sacral nerves but they do not 
receive any white rami communicans from the sacral nerves. 

Branches. Through grey rami communicans postganglionic fibres arc dis- 
tributed to the sacral nerves. These fibres mostly pass through the sciatic nerve 
and are distributed to the popliteal artery and its branches. Some of the post- 
ganglionic fibres also pass along with the superior and inferior gluteal and the puden- 
dal nerves for distribution to their corresponding arteries. 

The preganglionic fibres for the upper two or three sacral sympathetic ganglia 
arise from the lower three thoracic and the upper two or three lumbar segments 
of the spinal cord (see sympathetic innervation of the lower limb). 


THE MAJOR PLEXUSES OE THE SYMPATHETIC SYSTEM 

The major plexuses of the sympathetic system are networks of nerves and ganglia 
from which branches of distribution pass either directly to the organ or organs 
concerned or through subsidiary plexuses. There are three major plexuses namely 
the cardiac within the thorax, the coeliac within the abdomen and the hypogastric 
plexus situated within the pelvic cavity and they have been described briefly in 
the following pages. 

Cardiac plexus. It is an intricate plexus of sympathetic and parasympathetic 
nerves situated at the base of the heart and consists of two portions, superficial and 
deep, which communicate freely with each other. 

The superficial cardiac plexus. The superficial part of the cardiac plexus is situated 
in the concavity of the arch of the aorta in between the Ugamentum arteriosum and 
the right pulmonary artery. It is formed by the cardiac branch from the left superior 
cervical sympathetic ganglion and by the inferior cervical cardiac branch of the 
left vagus nerve. A small ganglion known as cardiac ganglion (Ganglion of Wrkberfj) 
is usually found at the point of union of the two cardiac nerves. This ganglion u 
supposed be a parasympathetic ganglion and forms a cell-station for the vagus 
nerve. 

The superficial part of the cardiac plexus sends branches to the deep part of 
the plexus, to the left anterior pulmonary plexus and to the right coronary plexus. 

The deep part of the cardiac plexus is situated behind the arch of the aorta m 
front of the bifurcation of the trachea and above the bifurcation of the pulmonary 
artery. It is formed by (a) all the cardiac branches from the cervical sympathelics 
on the right ride, that is, the cardiac branches from the right superior, middle and 
inferior cervical sympathetic ganglia, (b) cervical cardiac branches from the nght 
vagus, (c) the superior cervical cardiac branch of the left vagus, (d) cervical 
cardiac branches from the left middle cervical ganglia, (c) cardiac 

branches from the right and left recurrent laryngeal nerves, (f) cardiac branches 
from the right vagus in the thorax and (g) cardiac branches from the second, 
third, fourth and the fifth thoracic sympathetic ganglia. Thus it 13 seen that the 
deep part of the cardiac plexus is formed by all the cardiac nerves except thq 
superior cervical cardiac branch of the le ft sympathetic and the inferior cervical 
cardiac branch of the left vagus nerve, which join in the superficial plexus. 

Branches. The left half of the deep cardiac plexus sends out (a) brandies 
to thc left antcror pulmonary plexus and (b) branches to the left coronary plexus. 
The right half sends out branches to (a) right anterior pulmonary plexus and (b) 
right coronary plexus. 
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(10) Superior mesenteric plexus. It forms a network around the superior mesen- 
teric artery and derives its fibres from the coeliac plexus of which it is a direct conti- 
nuation. At the origin of the superior mesenteric artery the plexus may be associated 
with a ganglion, the superior mesenteric ganglion. The branches of distribution follow 
the branches of the superior mesenteric artery to the organs supplied by them. 

(11) Inferior mesenteric plexus. It follows the inferior mesenteric artery and 
derives its fibres from the aortic plexus and from the second and the third lumbar 
splanchnic nerves. It is distributed along with the branches of the inferior mesen- 
teric artery. 

The superior hypogastric plexus. Formation. It is,predominently, a plexus 
of sympathetic nerves and is formed by the continuation of the fibres from the aortic 
plexus and by the second, third and the fourth lumbar splanchnic nerves. It may 
contain some parasympathetic fibres from the pelvic splanchnic nerves which 
ascend through the inferior hypogastric plexus into it. Superiorly it is continuous 
with the aortic plexus whereas ulteriorly it divides into two hypogastric nerves, 
right and left, which are continuous with the inferior hypogastric plexus. This 
plexus is often referred to as the presacral nerve, particularly by the surgeons. 
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Fig. 878. Anatomy of tbe7pcIv»£aDd hip joint. Note the disposition of the external and 
internal iliac arteries and the sacral and the hypogastie plctus of nerves. With 
kind permission from Ledcrle Laboratories Ltd. Drawn by Mr. Paul Peek. 


Situation. It is situated in front of the bifurcation of the abdominal aorta, 
median sacral vessels and the left common iliac vein under cover of the parietal 
peritoneum and opposite the body of fifth lumbar vertebra and the sacral promontory. 

Branches of distribution. It provides branches to the ureter and to the common 
iliac arteries and also contributes to the formation of the testicular or ovarian plexus 
and divides into right and left hypogastric nerves inferioriy. 

The hypogastric nerves are two in number, right and left, which begin as a conti- 
nuation from the lower end of the superior hypogastric plexus and lies under cover 
of the parietal peritoneum. Each nerve, which may be split into two or more 
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filaments being cross-connected to each other, descends downwards in the pelvic 
cavity on the medial aspect of the internal iliac artery and its branches arid then 
reaches the sides of the rectum, urinary bladder, prostate and the seminal vesicle, 
in the male, arid by the side of the rectum, cervix uteri and the base of the broad 
ligament and urinary bladder, in the female, where it ends by joining with the 
inferior hypogastric or pelvic plexus. 

Branches. It provides branches to the ureter and to the testicular or ovarian 
plexus. It is finally distributed in the inferior hypogastric plexus. 

Inferior hypogastric or pelvic plexus. It is a mixed plexus of sympCthetie 
and parasympethetic fibres. It’s sympathetic fibres are derived from the hypo- 
gastric nerves and by the branches from the social part of the sympathetica. > 

The preganglionic fibres are from the tenth, eleventh and twelfth thoracic 
segments and the first and the second lumbar segments of spinal cord. The post- 
ganglionic neurons may be in the ganglia of the lumbar and sacral part or the 
sympathetic, and aortic and hypogastric plexuses. 

The parasympathetic fibres of the plexus arc derived from the pelvic splanchnic 
nerves which arise from the second, the third and the fourth sacral segments of the 
spinal cord (preganglionic). 

Stluation. In the male. It is situated by the sides of the rectum, prostate, seminal 
vesicle and the base of the urinary bladder. 

In the female. It is situated by the sides of the rectum, base of the broad ligament, 
supravaginal part of the cervix uteri and the fornix of the vagina. 

Branches of distribution. The branches from the plexus cither pass directly to the 
different pelvic viscera -or they are distributed along with the branches from the 
internal iliac artery. Subsidiary plexuses of distribution, in the male, are middle 
rectal, vesical and prostatic plexuses, and in the female, are middle rectal, utero- 
vaginal and vaginal plexuses. 


THE PARASYMPATHETIC SYSTEM 

The parasympathetic autonomic system consists of mid-brain, bulbar and 
sacral portions. Parasympathetic paths also consist of preganglionic and postgan- 
glionic fibres but here the preganglionic fibres form synapses with ganglia placed 
on the visens itself which they supply or in some peripherally disposed ganglia. 

Mid-brain outflow. The parasympathetic fibres from the mid-brain arise from 
the oculomotor nerve nuclei and pass along the oculomotor nerve as preganglionic 
fibres and form synapses with the ciliary ganglion from where postganglionic fibres 
arise which supply the sphincter pupillae and the ciliary muscle. 

Bulbar outflow. The parasympathetic fibres arising from the medulla oblongata 

pass along the fibres of the seventh, ninth and tenth cranial nerves. Some of the pre- 
ganglionic fibres that accompany the facial nerve leave it through a branch which 
joins the lesser (superficial) petrosal nerve. The lesser (superficial) petrosal 
nerve joins the otic ganglion through which the preganglionic fibres pass uninterrup- 
tedly to join the chorda tympani nerve and from the latter they pass to the sub- 
mandibular ganglion where they form synapses. Postganglionic fibres from the 
latter supply secrctomotor and vasodilator fibres to the submandibular and sublingual 
salivary glands. The other preganglionic fibres accompanying the facial pass 
through the greater (superficial) petrosal nerve and end by synapses in the pterygopala- 
tine (sphenopalatine) ganglion. Postganglionic fibres from the latter pass through 
orbital and pharyngeal branches of the ganglion and the former supply secrcto- 
motor fibres to the lacrimal gland while the latter supply the structures in the 
pharynx. The preganglionic fibres which accompany the ninth nerve pass through 
its tympanic branch and then by way of lesser (superficial) petrosal nerve they form 
synapses with the otic ganglion from where postganglionic fibres arise ana pass 
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■ough the auriculotemporal nerve and supply secretomotor fibres to the parotid 
ind. The preganglionic fibres which accompany the tenth nerve supply most of 
e organs of the thorax and abdomen through various plexuses and ganglia on 
e walls of the individual viscera and are distributed as follows; 
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Heart. Its musculature receives inhibitory fibres but the coronary vessels 
receive constrictor fibres. 

Lur.gs. The bronchial muscles receive constrictor fibres. (See nerve supply of 
lungs). 

Oesophagus. The lower part of the oesophagus receives motor fibres. 

Stomach cm! intestines. The stomach and intestines up to the right two-thirds of the 
transverse colon receive accdlatory fibres while the sphincters of the stomach receive 
inhibitory fibres, and its glands, sccretomotor fibres, and its blood vessels, vasodilator 
fibres. 

Pancreas. It receives secretomotor fibres and its blood vessels vasodilator fibres. 

Sacral outflow. The preganglionic fibres of the sacral outflow leave thespinal 
cord through the anterior roots of the second and third and the fourth sacral nerves 
as pelvic visceral or splanchnic nerves or nervi errigentes and after a considerable 
course along the walls of the blood vessels they form synapses with peripheral 
ganglia situated on the walk of the individual organs of the pelvic cavity. The 
fibres distributed to the pelvic organs are as follows: 

Rectum and large intestine (up to left half or one-third of the large intestine). They 
receive accellatory or motor fibres but their sphincters receive inhibitory- fibres. 

Bladder. Its musculature receives motor fibres whereas its sphincter receives 
inhibitory fibres. 

External genitalia. The external genital organs receive vasodilator fibres. 



THE CUTANEOUS SYSTEM 

' THE SKIN 

As the mucous membrane forms a protective covering of the internal passages 
(mouth, ocsophages, intestines etc.) so the skin forms the generalised protective 
coverings over the body surfaces externally. Around all natural orifices the skin 
becomes continuous with the mucous membrane lining those orifices and the junc- 
tion between the two is known as muco-cutaneous junction. 

Surface area. In the adult male, the skin forms about 1’8 sq. m. in surface 
area whereas in the adult female it is about 1-6 sq. m. 

Thickness. The thickness of the skin varies considerably from place to 
place. It is usually thicker on the extensor surface than on the flexor surface, 
in the palm of the hand, sole of the foot, interscapular region and in the back of the 
neck it varies in thickness between 3 and 6 mm. It is thinnest over the tympanic 
membrane and rt less than 0-5 mm. in thickness. It is also comparatively thin 
over the eyelids, penis, bony bridge of the nose and over the root of the nail. The 
rest of the skin generally varies between 1 and 2 mm. in thickness. 



Fig. 880. The skin of the palm of the hand of a Fig. 881. The sy n of the palm of the hand of 
student. a manual worker. 


MB. la some individual there may be complete absence of pigments and the condition ts called 
cmpUle albinism; sshen partially present it Is called partial albinism. Localised pigment free areas 
either from birth or acquired afterwards due to dcpigraentation are called Uucadeam,: concentration 
of pigments in minute spots are called pigmented molts. 





dermal papillae vary considerably in different parts of the body; thus in the palm 
of the hand and in the sole of the foot their number increases considerably where 
they are arranged in rows, in row's of pairs. Their prominence produces elevations 
on the surface of the epidermis in those situations and are known as papillary ridges 
which arc arranged in definite pattern such as loop, whorl, circle etc. Although 
the general architecture may be the same the papillary ridge patterns arc never 
alike in two individuals in their finer detail and therefore finger prints showing 
papillary ridge patterns are taken into consideration in personal identity and in fact 
they are taken as one of the surest proof of personal identity. 

N.B . — In old age the elastic fibre of the shin undergo senile degeneration for which the plasticity 
of the skin is tost, and with the wasting of the muscles, the skin cannot adapt itself to thereducingginb. 
and os a result, the skin becomes wrinkled, a feature of the old mans skin. When the skin is overstretched 
due to pressure or a tumour, or in case of females, due to pressure caused by the growing foetus during 
pregnency, the connective tissue corium ruptures internally and later on becomes heated up by forma- 
tion of scar tissue w hich shows through the epidermis as white linear patches. These white lines on the 
abdomen in cases of females which result after pregnency are know n as striae grtnidanan. 

Vascular supply of the skin. The skin is comparatively rich in blood vessel* 
because It has much to do in the regulation of the body temperature. The avascular 
epidermis forms a barrier between the vascular dermis and the exterior and acts 
as a membrane through the medium or which exchange of temperature between 
the blood and the exterior takes place. As a special measure for temperature 
regulation peculiar type of circulation in the form of arterio-venous anastomosis 
is found in the skin. Under certain conditions such as in cold atmosphere the 
plain muscle surrounding the branch of the terminal arteriole which joins the vein 
directly, relaxes, so that, the circulation is speeded up via the short circuited arterio- 
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venous anastomosis (the normal circulation through the capillaries to the veins 
lakes a longer time than the short circuit circulation through the arterio-venous 
anastomosis). The following is the mode of artery supply to the skin. 

The arteries supplying the skin arrange in a plcxiform network, over the super- 
ficial fascia, the mbcutaneous plexus, and from this plexus fresh vessels arise which 
penetrate through the deep part of the dermis to reach the subpapillary region 
where they arrange in another network known as the sub-papillary plexus. Terminal 
arterioles from the sub-papillary plexus penetrate into the papillae where they 
break up into capillary bed and arc arranged into characteristic capillary loops. 
At places the terminal arteriole provides a branch which communicates directly 
with the vein and establishes arteriovenous anastomosis. 

The blood from the capillaries is returned by venules and veins respectively. 

lymphatics of the skin. The epidermis, being avascular, has no lymphatics. The 
dermis is drained by three sets oflymph vessels, superficial, intermediate and deep. 
The superficial sets drain the superficial surface of the dermis and arrange in a piexi- 
[orm network in the sub-papillary region. From there the lymph vessels pass to the 
intermediate set which dram the intermediate zone of the dermis. Lymph vessels 
from there pass to the deep set which is situated in the deeper zone of the dermis 
and on the superficial fascia. Collecting vessels from the deep set pass along the 
course of the superficial veins and end into the corresponding lymph nodes. 

JSJt - — In clephanttuif of the limb due to obstruction in the corresponding lymph nodes the 
superficial Rroup of lymph vessels draining the skin and the subcutaneous tissue cannot empty their 
content and as a result the »kin becomes hypeuronhied and thickened. Anatomically the superficial 
lymphatics do not communicate with thedocpiymnhatics (lymph vessels draining the structures beneath 
the deep fascia) at the periphery except close to their termination in the lymph nodes. Advantage of 
this knowledge is taken In the surgical treatment of elephantiasis where some portion of the deep fascia 
« removed so that the superficial lymph vessels will be able to gain access to the deep lymphatics by 
removal of the deep fascia barrier. 

Kent supply of the skin. The skin is supplied by the somatic sensory nerves (cuta- 
neous nerves) and by the sympathetic nerves. 

Sympathetic nerves. The sympathetic nerve fibres accompany the cutaneous 
nerves and supply' the secrelomolor fibres (cholinergic fibres) to the sweat glands, vasomotor 
fibres (adrenergic fibres ) to the cutaneous blood vessels and motor fibres to the anector 
pili muscles of the hair follicles. 

Somatic sensory or cutaneous nerves. The sensory nerves of the skin are numerous 
and are mainly concerned with the perception of different types of sensations such 
as cold, heat, pain, touch and pressure sensations which the skin can perceive through 
their medium. The nerves arrange themselves in the form of plexuses from which 
nerve filaments with different types of characteristic ends (for the reception of the 
specific type of sensation) are distributed to the different parts of the skin. The 
cutaneous nerves usually form three plexuses, the sub-cutaneous, sub-papillary and the 
sub-tpilhtlial plexus from which the nerve filaments are distributed. The different 
types of nerve endings (also called end organs) that are commonly found in the skin 
are as follows: 

(1) Pacinian corpuscles. These are oval bodies consisting of concentric layers 
oflamellated connective tissue which are pierced at one pole by a medullated nerve 
fibre and resemble a tadpole in gross appearance. The medullated nerve fibre 
after its entrance into the corpuscle loses its medullary sheath and ends within 
it in an expanded extremity. The pacinian corpuscles are the largest of all 
sensory end-organs and are just visible to the nacked eye. Each corpuscle varies 
from 1 to 4 mm. in length and in breadth it may be as broad as 2 mm. 

Distribution. In the skin they are usually found in the subcutaneous tissue. 
They are also found in the tendon of muscle, capsular ligament of the joints, in the 
waits of the blood vessels, in the walls of the mesentries of the abdominal viscera 
as well as in the periosteum. 

Functions. In the skin they act as receptors of the pressure sensations whereas 
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in the joints and in the tendon of muscles they are concerned with the deep proprio- 
ceptive sensation (joint and muscle sensations). 


Mdssntr's corpuscles. These are cylindrical encapsulated bodies consisting ol 
transversely disposed connective tissue lamellae and epithelial cells, around which 
the medullatcd nerve fibre ends by Winding like a serpent. The nerve fibre, loses 
its medullary sheath as it pierces through corpuscle and finally ends by ramifying 
around the epithelial cells vdthin the corpuscle. 



rig E8-4 A few nerve endings A — Tactile or Meissner’s corpuscle. B — Pacinian 
corpuscle. C — End-bulb of Krause. D — Organ of Ruflini. E — 

Organ of Golgi-Mazroni. F— Free nerve terminals. G — 

Muscle spindle. H — Golgi bodies (Organ of 
golgi). I — End plates. 


Distribution and Junction. They are usually found in the dermal papillae and 
on the superficial aspect of the dermis. Functionally they are concerned with the 
perception of the light touch sensation. 


Krause’S end -organ. Here the terminal end of the nerve ends in ramifications 
which are arranged in ball-like rounded body resembling flower in appearance 
which is surrounded by a connective tissue capsule. 
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Distribution and function. They are mostly found in the skin surrounding the 
nipple and the external genitalia. They are supposed to be concerned with the 
cold sensations. 


RujfinVs Body. This is essentially a form of free endings in which the nerve 
fibre, which has lost its medullary' sheath, is arranged in the form of a tuft of fine 
filaments. It differs from the other end-organs in that it has no capsular invest- 
ment over its terminal filaments. 

Distribution and function. These bodies are present in the dermis and are con- 
cerned with the appreciation of the sensation of warmth. 

Free mduUaied and non-medaUated nerve endings. Medullated andnon-meduUated 
nerve fibres (fibres which have lost their medullary sheath) are also found to be 
widely distributed In the different parts of the skin. Some of them arc found to be 
distributed in the epidermis, some are found to form intricate plexuses beneath the 
epidermis (sub-epidermal) and in the dermis and some are found to be distributed 
over the epithelial cells of the hair follicle. 

Functions. Free endings in the epidermis and in the hair follicle are concerned 
with the sensation of light touch. Sub-epidermal and dermal free endings are 
concerned with painful sensations. 


Appendages of the shin. Hairs, glands and nails in particular situations grow 
in the skin in its process of development and as such they are taken to be the inte- 
grated parts of the skin and are usually described as appendages of the skin. The 
following is a brief outline of these structures. 

Hairs. Hairs are present everywhere except in the skin of the penis, palm of 
the hand, sole of the foot, red margins of the lips, umbilicus, labia minora and in the 
skin of the medial portion of the labia roajora. Males arc usually more hairy than 
the females but in the latter the growth of hairs is more luxuriant in certain parts 
of the body, i.e., in the scalp. Hairs in the 
form of moustaches and beards are the most 
important secondary sexual characteristics 
in the males whereas they are wanting in 
the females. Racial peculiarities are also 
noticed in hair growth thus the Mongolians 
are characteristically found to have scanty 
hairs whereas some of the Australians are 
seen to be more hairy. 

Ports of a fioir. Rath bast rcnvrists a 
shaft, a root and a bulb and is ensheathed in 
an epidermal pit known as the hair follicle. 

The portion of the hair that projects outside 
from the surface is called its shaft whereas 
the portion that penetrates into the substance 
of the skin is known as its root. The root 
terminates into a bulbar swelling within, 
known as the bulb of the hair which is surroun- 
ded by a soft whitish material known as the 
germinal matrix which is responsible for the 
growth of the hair. 

The halt follicle. The hair follicle is 
the flask-like epithelial pit into which the 
hair root is received. The bottom of the _ 
follicle rests on a vascular papilla of the dermis known as the Aair pipiUa which 
invaginates the bottom of the follicle. Each hair follicle, as it is formed by invagi, 
nation of the epidermis into the dermis, is surrounded by the connective tissue 
corium and thus consist of two layers, outer layer of corium or dermis and inner 



Fig. 885, A section of the scalp shott-mg 
the hairs in cross and longitudinal 6 
sections (Microphotogiaph), 

A *= outer root sheath 
B = Inner root sheath 
C *= Hair shaft 
D « A hair in cross section 
E = Hair papilla 
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epidermis. The walls of the hair follicle show sidewards irregular evagi nations 
which form the sebaceous glands. The aneclor piforvm muscle (plain muscle fibres, 
which extend from the epidermis, are attached to the outer dermal layer of the 
follicle dose to its base. The muscle is usually attached to the side to which the 
hair shows its natural bending. The muscle is known as the arrector pilonun or 
hair muscle anti acts from the epidermis. By its contraction it raises the hair follicle 
towards the surface of the skin and as a result the hair stands erect and there 
becomes a dimple on the surface of the skin corresponding to the site of attach- 
ment of the muscle to the epidermis. 

Structurally the epithelial wall or die hair follicle consists of polygonal cells 
which towards the surface of the skin are arranged into several layers but near the 1 
bulb of the hair they arc much thinned out and are made up of a single layer of j 
polygonal cells and constitute the outer root sheath. Then the cells are reflected j 
on to the root of the hair to form the inner root sheath and become continuous with ; 
the hair bulb. 

Structure of hairs. Structurally the hair shaft and its root differ from eacii other 
in some detail and they are dealt separately as follows: 

Hair shaft. The hair consists of an outer cortex and inner medulla. The cortex 
is made up of elongated, fusiform and keratinized cells with longitudinal fibrils 
which still show the presence of nuclei and form the fibrous basis of the hair. Sur- 
rounding the fibrous cortex is the epithelial cuticle formed by the transparent comificd 
epithelial cells which are scale-likc and are arranged side by side with their free 
edges directed towards the surface. The medulla of the hair is occupied by the 
medullary cavity which is usually filled up with some irregular cells. The colour 
of the hair is dependent on the amount of melanin pigment present in the cells of 
the cortex as well as on the condition of the medullary cavity. In old age the cells 
of the medullary cavity undergo atrophic degeneration and the medullary^ cavity 
becomes filled up with air bubble, and as a result, in transmitted light, the hair looks 
grey. 

The hair root terminates into a bulbous extremity which is known as the bulb 
of the hair. The hair bulb consists of polygonal and columnar cells which are in 
active state of proliferation. By their growth and proliferation more mature cells 
are displaced towards the hair shall and as they pass towards the latter they become 
cornified. The bulb of the hair rests on the summit of a vascular papilla on which 
it is dependent for its nutrition. 

Functions oj hairs. In some animals hairs are primarily concerned with the 
maintenance of body heat and at the same time they protect the body from the 
exposure of cold and beat In man, except those on the scalp, their value in the 
regulation of body heat is negligible. The hair pores in roan subserve tbc function 
of lubricating channels through which the sebaceous glands pour out their discharges 
on to the surface or the skin and keep it soft and pliant. As in some animals hairs 
are protective so in man they also serve the protective function at certain situations 
such as the nostrils, external car and the eyelid (eye lashes). Hairs undoubtedly are 
of cosmetic value in that they add to the beauty of the human body. They also sub- 
serve to some extent sensory functions in being the instruments of tactile sensations. 

Sebaceous glands. The sebaceous glands are the alveolar type of glands which 
develop as diverticula of the hair follicle except in places like the red margin of the 
lips as well as some parts of the external genitalia where they grow independently 
of the hair follicle. They are found everywhere in the skin except that of the palm 
of the hand and the sole of the foot. Bach gland is surrounded by a connective tissue 
investment derived from the corium and presents a small duct which operu usually 
into the lumen of the hair follicle and in places where they grow independently 
of the hair follicle, the duct ends by opening directly into the skin surface, _ 

The alveoli of the glands are formed by solid masses of cells which are derived 
from the polygonal cells of the basal layer of the epidermis. The cells contain 
fat granules m their cytoplasm and these granules gradually increase as the cells 
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important function of the sweat is the temperature regulation by the process of evapora- 
tion from the cutaneous surface. In addition, the sweat forms the vehicle of excre- 
tion (elimination) of waste products, sodium chloride and water. Excessive sweating 
leads to the loss of enormous quantity of sodium chloride from the blood which gives 
rise to painful muscular cramps. 

The functions of the apocrine type of the sweat glands, except the ceruminous 
glands of the external acoustic meatus, are still unknown definitely. It is likely 
that the characteristic odour of their secretion rouses sex desire in cither sexes. The 
discharges of the ceruminous glands protect the tympanic membrane from injury 
(see above) by inseccts and dust particles etc. 

Nervous control of the sweat glands. The sweat glands are supplied by the ‘ 
sympathetic nerves (cholinergic fibres) which arc controlled by the sweating centers 
in the central nervous system (hypothalamus, medulla, spinal cord). The sweating 
centre gives rise to impulses which are carried through the peripheral sympathetic 
nerves to the sweat glands which arc stimulated to secrete. Slightest rise of body 
temperature, emotional excitement and physical exercises, stimulate the sweating 
centres so as to induce sweating. 

A\B . — The sympathetic fibres are usually adrenergic but those supplying the, sweat glands art 
cholinergic (exception) i.c., instead of forming adrenalin they form acetylcholine when stimulated 
(the nerve impulse, depending on the nature of the nerve, cither forms adrenalin or acetylcholine at 
the nerve terminals which t» the chemical transmitter of nerve impulse to the tissues. Usually the 
sympathetic nerve produces adrenaline whereas the para-sympathetic nerves produce acetylcholine 
at the nerve terminals when stimulated). 

Nails. The nails are flattened, hard and modified form of epidermal condema- 
tions, occupying the dorsal aspect of the terminal digits of both fingers and toes. 
Each nail lies on a corrugated bed formed by the dermis and the Malpighian layer 
of the epidermis known as the nail bed. On cither side is a furrow between the nail 
margin and the skin fold and is known as the nail groove. Distally each nail ends 
in a free border which grows out beyond the distal skin fold and the narrow cleft 
between it and the distal skin fold is known as the hyponychium. Proximally a 
portion of the nail which is overlapped by a fold of skin is called the nail root and the 
overlapping fold of skin is known as the nail fold. The portion of the mil that extends 
distally beyond nail root is known as the nail shaft or body. The nail shaft is trans- 
parent in the greater part of its extent except over a small white semilunar area just 
distal to the nail fold where it is opaque and is sharply demarcated from the trans- 
parent area which presents a red glow due to the underlying blood vessels. The 
white semilunar area is known as lunula. Functionally the lunula overlies the 
germinal portion of the nail bed which is concerned with the nail growth while the 
transparent part overlies the portion of the nail bed which has no concern with the 
nail growth and is often called the sterile portion or sterile matrix of the nail bed. Clini- 
cally the degree or intensity of the red glow through the transparent portion is taken 
into account as a measure of rough estimate about the degree of anaemia. 

When the skin of the nail fold is traced to the nail, layer by layer, it 5s found 
that the stratum corneum extends to the root of the nail only for a short distance 
and is deficient to the rest of its extent. The small extension of the stratum corneum 
over the nail root constitutes the efonychium. The stratum lucidum of the nail fold 
is not only continuous with the nail but it forms the main bulk of the nail in a modi- 
fied form. The stratum granulosum and the stratum Malpighium are continuous 
with the epithelial covering of the nail bed. < 

The mil bed is made up of both dermis as well as the epidermis. The dermal 
papillae in the nail bed are arranged in longitudinal linear ridges which make a 
corrugated surface on the top of which the two epidermal layers, the stratum Malpi- 
ghium and the stratum granulosum, are dosely applied. As already pointed out the 
cphhclium'of the nail bed can be divisible into two portions, the germinal portion, 
which underlies the lunula and the sterile portion, which underlies the transparent 
part of the nail shaft. The granules of the cells of the stratum granulosum arc 
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specially modified to form the onckogenic granules from which the horny matrix of the 
nail is formed. 

Development of the skin. The skin is a composite structure and is made up of both 
ectoderm and mesoderm. The epidermis is formed by the ectoderm while the dermis 
is formed by the mesoderm. 

During the earlier part of development, the embryo is covered only by a single 
layer of epithelial cells derived from the ectoderm. At about the end of the fourth 
week of foetal life the epithelial covering can be divisible into two layers, superficial 
and deep. The superficial layer is known as the epitrichium whereas the deep layer 
forms the germinal or basal layer. By the third month, the superficial layer or the 
epitrichium is shed away while the deep germinal layer, which is left alone, becomes 
much proliferated to be differentiated into three layers, basal layer, intermediate 
layer and the superficial layer. The basal layer consists of a single layer of columnar 
cells, the intermediate layer consists of polygonal cells of several cells deep while the 
superficial layer consists of flattened cells which form the stratum comeum. During 
the fifth month, further differentiation takes place to form the stratum lucidum which 
intervenes between the stratum comeum and the intermediate layer. 

The hair follicle, hair, hair muscle and the sebaceous glands . The hair follicle develops 
as a solid inward growth of the epidermal cells which penetrate through the dermis 
so as to have a nailing effect. All the layers of the epidermis except the epitrichium 
take part in the inward growth and the cells at the bottom of the growth (those 
opposing the dermis) are formed by the cells of the stratum germinativum. Opposite 
the centre of the epithelial growth the cells become locally proliferated so as to form 
a knob-like thickening which represents the bulb of the hair. At the site of the 
contact between the hair bulb and the mesodermal corium the cells become condensed 
to form the vascular hair papilla which soon invaginates into the hair bulb. The 
cells of the hair bulb that overlie the hair papilla are of columnar type and make 
the basis for the formation of the hair. Active proliferation of these cells give rise 
to the formation of a hair bud which bores through the solid epithelial in-growth 
and forms the hair. 

As the hair bud gradually approaches the surface of the skin the cells become 
more and more comified and ultimately the cells of the hair shaft become completely 
keratinized. As the hair bud bores through the solid hair follicle it receives cellular 
investment from the cells on the wall of the hair follicle as inner and outer root 
sheaths (already described). 

The hair muscle or the arrector pilorum is of ectodermal origin > (exception) 
md is derived from the cells on the wall of the deeper part of the hair follicle. 

The sebaceous gland, also develop as a solid out-growths from the wall of the hair 
ollicle except in the red margins of the lips and penis where they grow from the 
:ctoderm independently of the hair follicle. 

By the third month, the hairs first appear on the eyelids, eye brows, lips and 
-he scalp and by the fourth month they usually appear in the rest of the body although 
new hairs come up even until birth. Sexual hairs, that is, those in the axilla, pubis 
and the face appear during puberty. 

j Vails. Developments of the nails have already been discussed. 

Sweat glands. They appear first during the fourth month as solid epidermal 
in-growths through the dermis and soon become canalised to form the tubular 
type of gland. They occasionally arise from the neck of the hair follicle. 

Functions of the skin as a whole. Functions of the skin may be 
considered under the following heads: 

(1) It is a protective insulation over the body. If an animal’s skin is taken off it dies 
in no time due to profound shock resulting from exposureof the nerve endings and 
loss of fluid. Infecting organisms cannot penetrate through unbroken skin and 
thus it acts also as a protective membrane against bacterial invasion. Moreover it acts 
as a waterproof for the body due to the presence of the greasy sebum on its surface. 
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(2) It h a sensory organ. The sensory nerves of varying functions being integrated 
into the skin the latter acts as a sensory organ by which one becomes conscious about 
its external environment. 

(3) It regulates the temperature of the body. The dermis being extremely vascular 
and the epidermis over it being extremely thin dissipation of heat can easily take 
place between the blood and the exterior. 

{4) It is an excretory organ. The sweat glands of the skin excrete water, sodium 
chloride and urea through their excretion as sweat. By eliminating water it also 
helps in Keeping water balance of the body. 

(5) It is a reservoir of vitamin D. Ergostcrol, a precursor of vit. D, being activated i 
by the ultraviolet ray on the surface, is converted in to vit. D, an anti-rachitic vitamin. 

(6) It is a reservoir of food. The fats of the true skin and the subcutaneous tissue 
are utilised as food during some strained circumstances particularly during 
starvation. 


THE ORBIT AND THE EYE BALL 


The orbit is the funnel-shaped hollow cavity in which the eye ball, its muscles, 
vessels and nerves and the lacrimal gland are contained. Its base corresponds with 
the orbital margins whereas its apex corresponds with the optic foramen. Besides 
an apex and a base it has a floor, a roof, a medial wall and a lateral wall. 

Measurements : 

Antero-posterior .. • .. If inches 

Vertical {at the base) . . . . If inches 

Horizontal (at the base) . . , . l| inches 


Boundary. 

The roof, The roof is triangular and concave. It is formed by the orbital 
plate of the frontal bone in front and by the small wing of the sphenoid behind and 
separates the orbital cavity from the anterior cranial fossa. Posteriorly the lesser 
wing of sphenoid presents the optic foramen for the optic nerve and the ophthalmic 
artery, Midway between supraorbital notch and nasolacrimal suture (antero- 
medially) there is a fovea or a spine (fovea vel spina trochlearis) for the attachment 
of Chrocartilaginous pulley of the superior oblique muscle of the eyeball. Antero- 
laterally it presents a depression for the accommodation of the lacrimal gland. 

The Floor. It is formed mainly by the orbital surface of the maxilla; in front 
and laterally, it is formed by orbital process of the zygomatic bone, and behind and 
medially, by the orbital process of the palatine bone. It separates the orbital cavity 
from the maxillary air sinus. In the medial angle is the upper opening of naso- 
lacrimal canal, lateral to which, a depression on the orbital surface of the maxilla 
gives origin to obliquus oculi inferior. In the middle of the floor is the infraorbital 
groove or canal for the infraorbital vessels and nerves. 

Medial wall. The medial wall of the orbit is quadrilateral in shape and thus it 
differs from the other walls which are triangular. The medial walls of the two 
orbits are approximately parallel to each other. It is formed by the frontal 
process of the maxilla behind the anterior lacrimal crest, the lacrimal bone, small 
part of the frontal bone directly above it, orbital plate of the ethmoid and by a small 
part of the body of the sphenoid in front of the optic foramen. This wall separates 
the orbital cavity from the ethmoidal air sinuses and from the anterior part of the 
sphenoidal air sinus. At the junctions of the medial wall and the roof there is a 
groove for the lacrimal sac. Behind it, the posterior lacrimal crest gives attachment 
to the lacrimal fascia and the lacrimal head of the orbicularis oculi. In the fronto- 
ethmoidal suture are the anterior and posterior ethmoidal foramina for the corres- 
ponding vessels and nerves. 

__ Lateral wall. It is formed by the orbital surface of the zygomatic bone and the 
orbital surface of the greater wing of the sphenoid. On the orbital process or the 
zygomatic about 1 1 mm. below the fronto-zygomatic suture is the orbital tubercle 
(Whitnol) for check ligament of the rectus lateralis, part of the aponeurosis of the 
levator palpebrae superioris, suspensory ligament of the eyeball, and the lateral 
palpebral ligament. The zygomatico-orbital foramina transmit the corresponding 
vessels and nerves. At the junctions of the roof and the lateral wall there lies the 
superior orbital fissure which transmits the oculomotor, trochlear, and abducent' 
nerves and the three branches of the ophthalmic division of the trigeminal nerve, 
a few filaments from the cavernous plexus of sympathetic nerves, the orbital brant* 
of the middle meningeal artery, recurrent meningeal branch of the lacrimal arterv 
and the ophthalmic veins. At the junction of the lateral wall and the floor them 
ferior orbital fissure transmits the maxillary nerve, inferior orbital vessels and*nrrv 
zygomatic nerve and a few filaments from the pterygopalatine (sphenonalatmvT 
ganglion to supply the periosteum of the orbit. 
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Base. It is formed by the supraorbital margin of the frontal bone above and 
the infraorbital margin of the maxilla below, orbital margin of the zygomatic bone 
laterally and the anterior lacrimal crest medially. 

Apex. Tliis corresponds to the optic foramen through which the optic nerve 
and the ophthalmic artery’ pass. 

Contents « f the orbital tariff. It contains the peripheral organ of sight, the 
eyeball surrounded by ocular muscles and fascia, n quantity of fit and a few vessels, 
nerves and lymphatics of the eyeball. 

The eyeball is embedded in the fat of the orbit but is separated from it by a 
membranous structure, the fascia bulbi. The central point of the anterior curvature 
of the eyeball is known as the anterior pole whereas the central point of the posterior 
curvature is known as the posterior pole. 

The orbital fascia or the periorbita. It forms the periosteum of the orbit and h 
loosely applied on the different walls of the bony socket. Behind, it is blended with 
the dura mater and the sheath of the optic nerve. It gives two septa, one of which 
holds the pullcv for the superior oblique muscle of the eyeball and the other bridges 
over the lacrimal groove farming the lacrimal fascia and covering the lacrimal sac. 

The fascia bulbi. It is a thin membrane which envelops the bulb of the eye from 
the apex to the base separating it from the orbital fat and forming a socket within 
which it plays. It is separated from the sclera by episcleral space which is traversed 
by the delicate connective tissue bands connecting the two. The fascia is perforated 
by the ciliary vessels and nerves. In front it blends with sclera just Ixhind the 
sclero-comcai junction. Piercing it pass the tendons of the ocular muscles, each of 
which receives a sheath from it. The expansion from rectus superior blends with the 
tendon of levator palpcbrae superioris. The expansions from rectus medialis and 
lateralis cheek the action of these two recti muscles and they are called medial and 
lateral check ligaments respectively. 

Muscles— 

Levator palpcbrae superior!*. It arises from the under-surface of the lesser 
wing of the sphenoid above and in front of the optic foramen. From its origin, as it 
passes forwards, it becomes expanded and ends in an aponeurosis which splits up 
into two lamellae, upper and lower. The upper one blends partly with the upper 
tarsal plate and partly with the skin of the upper eyelid and the lower one with the 
anterior surface of the upper tarsal plate. 

Four recti. All of the four recti arise from the annulus tendineus communis, a 
fibrous ring, which is attached to the upper, medial, and lower margins of the sheath 
of the optic nerve on the medial side and to the tuberrle on the medial margin of 
the orbital surfare of the greater wing of the sphenoid on the lateral side. It tram* 
mits the optic nerve, ophthalmic artery, superior and inferior divisions of the oculo- 
motor nerve, the nasociliary and aliduccnt nerves. The superior or inferior ophtiial* 
mic veins may pass through it. Both superiorly and inferiorfy the ring presents a 
specialised band. The superior one, tendon of Zinn, gives origin to rectus superior, 
part of the rectus medialis and lateralis; the inferior part, superior tendon of Lock- 
wood, gives origin to rectus inferior, rectus medialis and lateralis. Each muscle 
from their origin passes forwards to their respective position on the eyeball and » 
inserted by tendinous expansion into the sclera about one-fourth inch behind the 
sclero-comcai junction. 

Qh tiqu.ua ocuU superior. It arises from the tendinous ring above the optic 
foramen and Hessupcro-mcdial to the origin of the rectus superior and passes forwards 
to end into a rounded tendon which plays in a fibro-cartilaginous pulley attached on 
the fovea vcl spina trochlea ris of the frontal bone and then passes backwards, laterally 
and downwards to be inserted into the sclera' between rectus superior and rectus 
lateralis. 

ObUqnus oculi inferior. 1 1 arises from a small depression on the orbital surface 
' '^tbe maxilla immediately lateral to the naso-Iaa imal groove; it passes upwards, 
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reflected in the tame way the superior division of the oculomotor nerve it seen to enter the deep surface 
of its posterior half. 

(5) The lacrimal branch of the ophthalmic nerve pastes to lacrimal gland opposite the junction 
of its roof and lateral wall 

(6) As soon as the levator palpcbrae superioris and the rectus superior arc reflected the optic acm 
surrounded by fascia bulbi is exposed. 



fig. 807. The annulus tend incus communis and muscles ami nerves in relation to it. 

With kind permission from. Callander Surgical Anatomy, 2nd edition 1938; U'. U. Saunders 
Company, Philadelphia and London. 

(7) The posterior part of the opuc nerve is seen to lie crossed by superior ophthalmic vein, oph- 
thalmic artery and the nasociliary nerve from lateral to medial side, the nasociliary nerve intervening 
between the two divisions of the oculomotor nerve. 

(8) Immediately on the lateral side of tliis part of the optic nerve and usually lying on the ophthal- 
mic artery, is the ciliary ganglion which resembles a large pin-head. The ciliary ganglion Is joined 
from behind by the sensory root from the nasociliary, motor root from the nerve to the inferior oblique 
muscle of the eyeball and by sympathetic root from die carotid plexus of sympathetic. 1*011 the naso- 
ciliary nerve as it crosses the optic nerve and secure the two slender twigs which join the ganglion; 
similarly, pull downwards the nerve to the inferior oblique muscle and secure its motor root. 

(9) Pull the nasociliary nerve as it crosses the optic nerve and secure the two long slender branches 
which run over die superomedial aspect of the optic nerve. These twigs arc the long ciliary branches 
from the nasociliary nerve. Reaching the anterior part of the medial wall of die orbit the nasociliary 
nerve breaks up into infratrochlear and anterior ethmoidal brandies. The latter passes to the nasal 
cavity through the anterior ethmoidal canal. 

(10) The ciliary ganglion gives rise to numerous slender nerves, the short ciliary nerves which 
form a plexus on die optic nerve and pass to the eyeball. 

(11) The rectos lateralis muscle arises by two heads from the lateral part of the common tendinous 
ring and lies on the lateral side of the optic nerve. 

(12) Passing in between the two heads of rectus lateralis are the superior and inferior division* 
of the oculomotor nerve, the nasociliary nerve which bes between the two divisions of the oculomotor 
nerve, and the abducent nerve w hich soon enter* into the deep surface of the rectus lateralis. 

(13) The Inferior division of the oculomotor nerve passes downwards, forwards and medially 
htlow the optic nerve and it sends out the motor root to the ciliary ganglion immediately after passing 
In between the two heads of the rectus lateralis and {hen breaks up into branches which supply the 
rectus mcdialis, rectus inferior and the obliejuus inferior. 

(14) The sympathetic root to the ciliary gaugtron'from the carotid plexus of sympathetic nerves 
" -ly follows its motor root and joins it at its posterior part^ j P 
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(15) When the optic nerve is cut and the eyeball is turned outwards and forwards the inferior 
rectus and the inferior oblique muscles are seen. Both of them receive their nerve supply from the 
Inferior division of the oculomotor netve; the nerve to the inferior oblique enters the same muscle 
through its posterior border which differs in the mode of nerve supply from other ocular muscles invhich 
respective nerve enters the respective muscle through their ocular surface. 

(16) The ophthalmic artery crosses the optic nerve from lateral to medial side in company with 
the nasociliary nerve. 1 1 arises from the internal carotid artery opposite the level of the optic foramen 
and passes through the same lying inferolateral to the optic nerve and enters into the orbital cavity 
and then soon crosses the optic nerve from lateral to the medial side to reach the medial wall of the 
orbit. Then it passes to the medial margin of the front of the orbit where it breaks up into its terminal 
branches, frontal and dorsal nasal. 

The ophthalmic veins after receiving numerous tributaries pass backward through the gap 
between the two heads of the rectus lateralis and soon are joined together to form the cavernous sinus. 


THE EYEBROWS AND THE EYELIDS 

Eyebrows. These are arched eminences of skin opposite the supraorbital 
margin of the bony orbit. Thick short hairs make their presence in abundance in 
this part. Orbicularis oculi, corrugator and frontalis are inserted into it. 

Eyelids or palpebrae. These are two, upper and lower, movable shutters 
of the orbital opening. Each eyelid consists of a tarsal plate formed by condensed 
mass of connective tissue cells and is covered by the skin on its outer side and the 
tarsal conjunctiva on its inner side. The upper eyelid is furnished with a levator 
muscle, the levator palpebrae superioris. The two eyelids meet each other to form 
the medial and lateral angles on the corresponding side of the eyeball. The lateral 
angle is more acute than the medial one. When the eyelids are opened the elliptical 
space between the two lids is known as the palpebral fissure. 

On the medial angle the two eyelids are separated from each other by a 
triangular space known as the Iacus lacrimalis; in it there is a small reddish body 
known as caruncula lacrimalis. On the margin of each eyelid opposite the basal 
angles of the lacus lacrimalis there is a small papilla termed the lacrimal papilla; 
in it there lies the opening of the lacrimal canaliculus and this opening is known as 
the puncta lacrimale. 

The margins of the eyelid give attachment to the eye lashes. Near their attach- 
ments there are the openings of a number of small glands, the ciliary glands, arranged 
in rows dose to the free margin of the lid. 


THE EYE BALL 

Eyeball. The eye ball is spheroidal in shape and is placed within the fat of 
the orbital cavity from which it is separated by the Fascia bulbi. It is convex on all 
iides and it measures about one inch in its transverse and anteroposterior diameters. 
Its vertical diameter is less than the anteroposterior or transverse diameter. The 
iyeball, in case of female, is usually smaller than that of the male. The central 
point of the anterior curvature is called the anterior pole and that of the posterior 
:urvature is called the posterior pole. The line joining the two poles constitutes 
the optic axis. The optic axes of the two eyeballs run parallel to each other. 

Each eyeball consists of three tunics or coats and enumerated from without 
inwards they are as follows : 

(1) Fibrous tunic consisting of scleya behind and the cornea in front. 

(2> Vascular tunic consisting of ceroid, dliary body and iris. 

(3) Nervous tunic consisting oT/cmia. 

The sclera. It is a dense, frb'paque membranous sheet which forms the 
spheroidal shape of the eyeball. Anteriorly the sclera becomes continuous with the 
sornca and the junction between the fwo is known as the sclerocomeal junction. 
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Posteriorly it is continuous with the sheath of the optic nerve and the dura mater. 
Its outer surface is smooth except where it receives the insertion of the ocular muscles 
where it is rough. Its inner surface looks brownish in colour and is separated from 
the choroid by the perichoroidal space which is traversed by numerous fine, delicate 
cellular dements and collectively forms the suprachoroidal lamina. Its inner surface 
presents a series of delicate grooves for the transmission of the vessels and nerves. 
Posteriorly the thickest part of the sdera is pierced by the optic nerve and some 
other smaller vessels and nerves which give it to a cribriform appearance and is 
called the lamina cribrosa sclcrae. Of the smaller openings one is comparatively 
larger for the transmission of the central artery to the retina. In the midway between 
the lamina cribrosa sclcrae and the sclero-comeal junction there are five or six open- 
ings for the passage of the vena voticosac. Just behind the sdero-comea! 
junction the substance of the sclera presents a circular canal within, known as the 
sinus \cnosus sderae (canal ofschlcmm). It communicates internally with the 
anterior chamber and externally with the anterior ciliary vein. 


CORNEA 

ANTERIOR CHAWSER 


niRioR CH*m» 


ORAStRRATA 
CWART PROCESSES 



■RETINA 

■VITREOUS J09T 


m 

.RETINA). ARTER'ERS 
AND VEINS 

CKORCKO 


lARCt CHOROIDAL 


— SClERA 
-CAVyAf OF TENON 


MACULA IUTIA- 
BRANCHE1 OF CILIARY ARTERY ANO NERVE. 


CENTRAL ARTERY ANO VEIN OF 
RETINA 

LAMINA CRISROSA 


-ARACHNOIO 


MEDULLA TED NERVE RISERS 


Fig. 888. The anatomy of the tunics of the eyeball. With kind permission from: 
Tederle Laboratories Ltd. Drawn by Mr, Paul Peck. 


The cornea. It forms the non-vascular anterior bulging and transparent part 
of the external coat. It is drcular in form and is continuous posteriorly with the 
sclera, the junction of which is called the sclero-comeal junction. It maintains the 
uniform thickness throughout it3 entire extent Its anterior surface is convex and 
bulging while its posterior surface is concave^. Interiorly just in front of the sclero- 
comeal junction the cornea presents a circular rim like elevation, behind whidi, there 
is a sulcus called the sulcus circularis cornae. Between this and the attadiment of 
the iris there h an angular recess known as the irido-comeal angle* 

' T 7ie inner posterior elastic lamina of the cornea breaks up into fibres which 
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brm the trabecular tissue which lines the sulcus circularis comae and forms the inner 
lining of the sinus venosus sclera e. 

The choroid. It forms a highly vascular membrane consisting of dense 
capillar)’ plexus of small arteries and veins. Posteriorly it is adherent to the sclera 
where it is nlerccd by the optic nerve. Externally it is separated from the sclera by 
the supra-choroidal lamina. Internally it is lined by the retinal layers. 

The ciliary body. It consuls of ciliary ring, the ciliary processes and the 
eiliaris muscle. 

The ciliary ring forms the anterior part of the choroid which is distinguished by 
the absence or the chorio-capillary lamina. 

The ciliary processes. These are infoldings of the various layers of the choroid. 
They arc arranged in a circle as short processes behind the iris with which it is 
continuous and projects in front of the lens. Posteriorly, they are connected with the 
suspensory ligament of the lens. 

The eiliaris muscle. It consists of unstriped muscle fibres which contain 
longitudinal and circular fibres and forms a ring round the outer surface of the 
anterior part of the choroid. This muscle is the chief or principal agent for maintain' 
ing the accommodation of the eye. When it contracts it pulls forward the ciliary 

f iroccssw and as a result, the suspensory ligament of the lens becomes relaxed and the 
ens adapts itself to be more convex. 

The iris. It is a circular contractile disc placed between the cornea in front 
and the lens behind and is formed by the anterior part of the middle coat of the 
j eyeball. It is perforated a little to the left of its centre by a circular aperture called 
the pupil. Its periphery is continuous with the ciliary body and also is connected * 
with the posterior elastic lamina of the cornea by the ligamentum pectinatam iridis. 
The colour of the iris is usually dark black in hue, but it is usual to be different in 
certain class of peoples where it may be greyish in colour or it may assume some 
modified colour. The iris divides the space between the lens and the cornea into an 
anterior and a posterior chamber. The anterior chamber is bounded in front by 
the posterior surface of the cornea and behind by the anterior surface of the iris, and 
opposite the central point where the pupil lies, the posterior boundary is formed by 
the central part of the lens capsule. The posterior chamber is bounded in front by the 
posterior part of the iris and behind by the lens and its capsule and ligaments. The 
iW oYarniVere eumrmmicate svui\ eaefr «n65ter rfoirogiY iftc pMpn 1 . Su\'h cAe eftarnhers 
contain an alkaline watery fluid, theaqueous humour, secreted by theciliary processes. 
The ciliary processes first pour out their secretion in the posterior chamber and 
then is carried to the anterior chamber through the pupil from where the fluid 
escapes into the anterior ciliary vein through the sinus venosus sclerae. ( 
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The margin surrounding the pupil is called its pupillary margin while its circum- 
ferential margin is called its ciliary margin. It has anterior and posterior surfaces. 
The anterior surface is directed towards the cornea and presents a striated appearance 
with the striae converging towards the pupillary margin. The posterior surface i3 
directed towards the crystalline Jens and the ciliary processes. This surface is of 
purple colour and is covered by two layers of pigmented columnar cells which are 
called the pars iridica retinae and is continuous with the pars dliaris retinae. 

Structure of the iris. The iris is composed of four layers, the endothelial lajcr, 
connective tissue stroma, a layer of muscular tissue and pigments. t 

Endothelial layer. It reaches the anterior aspect of the iris from the back 
of the posterior elastic lamina of the cornea. 

Connective tissue stroma. It consists of circular and radial connective tissue 
fibres which support the blood vessels and nerves or the iris. 

Muscular tissue. The muscular tissue consists of unstriped muscle fibres 
which are arranged into circular and radiating fibres. The circular fibres form a 
ring round the pupil and are known as the sphincter pupillae. The radiating fibres 
converge towards the pupillary margin from its circumferential margin and blend 
with the circular fibres. They are called the dilator pupillae. 

The pigments of the iris are variable in different individuals and may be present 
either in the connective tissue stroma or in the posterior epithelial layers or in both. 

Vascular supply of the iris. The arteries supplying the iris are derived from the 
long and the anterior ciliary arteries. 

The veins of the iris are corresponding to the arteries and they open into the sinus 
venosus sclerac. 

JW roe supply. The sensory nerves for the iris are the long ciliary branches of the 
nasociliary. The spliincter pupillae is supplied by the oculomotor nerve (parasym- 
pathetic) while the dilator pupillae is supplied by the sympathetic nerves tlirough 
ciliary ganglion which receives the prc-ganglionic fibres from the first or the second 
thoracic sympathetic ganglion. 


THE REFRACTING MEDIA OF THE EYE 

The refracting media of the eye consists of the aqueous humour, the vetreous 
body and the lens. 

Aqueous humour. It is an alkaline fluid derived from the blood plasma and 
is secreted into the posterior chamber by the ciliary processes. It fills up the posterior 
and anterior chambers and escapes into the anterior ciliary vein opposite the irido- 
corneal angle through the sinus venosus sclezae. 

Vetreous body. It forms a jelly-like substance which is enclosed by a thin 
membrane known as the hyloid membrane and fills up the concavity of the retina. 
Anteriorly, it presents a shallow depression — the hyloid fossa in which the lens is 
received. The hyloid canal passes forwards from die entrance of the optic nerve 
through the substance of the vetreous body to the posterior surface of the lens. It 
contains some lymph and some loose areolar tissues. In early embryonic life this 
was the passage for the hyloid artery which arises from the central artery to the retina. 
Anteriorly, opposite the ora serrate, the hyloid membrane is thickened and is termed 
the zonula ciliaris. The 2 onula ciliaris splits up into two layers, one covering the 
hyloid fossa and the other, which is thicker in consistency, passes overthcciliarybody 
and is attached to the capsule of the lens. This part of the zonula ciliaris forms the 
suspensory ligament of the lens. 

, No vascular structure passes through the vetreous body and its nutrition being 
maintained by the adjacent blood vessels surrounding it, i.e., vessels from the retina 
the ciliary processes. 
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The leas. It is a solid circular transparent structure embedded in the hyloid 
fossa and is interposed between it and the iris. It is convex on all sides but the 
anterior curvature is less marked than its posterior one. It is covered by a transparent 
structureless membrane known as the lens capsule. Anteriorly, it is in contact with 
the margin of the iris and posteriorly lies in contact with the hyloid fossa. The 
central point of its anterior and posterior curvatures arc called the anterior and 
posterior poles respectively. A line joining these two poles constitutes the axis of 
the lens. The circumferential margin of the lens is called the equator of the lens. 

The Jens is kept in position by the suspensory ligament of the lens derived from 
the hyloid membrane. 

The nervous tunic. It consists of retina with its different layers. The optic 
nerve spreads out into a thin membrane which again consists of different layers 
and constitutes the formation of the retina. Its outer surface is in contact with the 
choroid and its inner surface with the hyloid membrane of the vetreous body. 
Posteriorly, it is continuous with the optic nerve and anteriorly it becomes very thm 
towards the ciliary body and presents a jagged appearance known as the ora serrata. 
In the region of the ora serrata the nervous tissue is actually wanting and only it is 
represented by the membranous prolongation which extends forwards over the ciliary' 
processes and iris and constitutes the ciliary and iridial parts of the retina. 

Near the centre of the posterior part of the retina is an oval yellowish area, the 
macula Jutca, where the visual reception is most perfect. In the macular area there 
is a central depression, the favea centralis, where it is very thin. Medial to the macula 
lutea is the entrance of the optic nerve which forms the optic disc. The centre of 
the optic disc is pierced by the central artery and vein of the retina. The optic disc 
ts insensitive to light and is termed the blind spot. 





Kg. 890. The constituent layers of the retina. 
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Structurally, the retina consists of the following layers from without inwards. 

(1) Layers of rods and cones. 

(2) Outer nuclear layer. 

(3) Outer plexiform layer. 

(4) Inner nuclear layer. 

(5) Inner plexiform layer. 

(6) Ganglionic layer. 

(7) Stratum opticum. 


THE LACRIMAL APPARATUS 

The lacrimal apparatus consists of the lacrimal gland, the lacrimal canaliculi, 
die lacrimal sac, and the nasolacrimal duct. 

The lacrimal gland. It is a (serous) compound tubulo-alvcolar gland re- 
sembling salivary gland in structure and forms the secretory part of the lacrimal 
apparatus. It secretes an alkaline fluid, the tears, which among other things, 
contain a bactericidal cnzyvme known as lysozyme and is concerned in protecting 
the eye against drying ana infection. 

Situation. It is situated mainly, in the lacrimal fossa formed by the depressed 
area on the medial aspect of the zygomatic process of the frontal bone, and partly, 
over the root of the upper eyelid where it flows out of the lacrimal fossa as the 
palpebral process. 

Shape and size. It is irregular in shape, and in size, it resembles like that of an 
almond. 

Parts for examination. It consists of a main or orbital portion and a palpebral 
process and about three to nine small ducts. The main portion is contained within 
thfc lacrimal fossa whereas the palpebral process extends over the root of the upper 
eyelid. Tire two portions of the gland arc continuous with each other around die 
free posterior border of lateral horn of the aponeurosis of the levator palpebrac 
superioris by a narrow isthmus. 

Stability of the gland. The gland is supported and maintained in position by 
the aponeurosis of the levator palpcbrae simerioris. The superior aspect of thelateral 
rectus also supports it from below. The periorbita (orbital periosteum) sends out 
septa within the gland w hich form additional supports for the gland. 

Relations. Laterally the orbital portion is direct contact with the medial aspect 
of the zygomatic process of the frontal bone in the lacrimal fossa, medially it is in 
relation with the lateral aspect of the eyeball, anteriorly, it is in relation with the 
orbital septum which separates it from the structures of the upper eyelid. The 
palpebral portion extends into the lateral part of the upper eyelid around free 
posterior borders of the aponeurosis of the levator palpcbrae superioris and intervenes 
between the conjunctiva below and the aponeurosis of the levator palpcbrae superioris 
above. 

Lacrimal ducts. There are about 3 to 9 small ducts which open into the 
lateral part of the superior conjunctival fornix. 

Vascular supply. The arteries supplying the lacrimal gland are the lacrimal 
branch of the ophthalmic artery and a branch from the infraorbital artery'. The 
veins From the gland drain into the ophthalmic vein. 

Lymphatics. The lymphatics draining the lacrimal gland join with the 
conjunctival lymphatics and finally drain into the preauricular lymph node. 
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Nerve supply. The lacrimal gland is supplied by sensory, secretomotor or 
parasympathetic and sympathetic nerves. The lacrimal branch of the ophthalmic 
nerve is the sensory' nerve for the lacrimal gland. 

Secretomotor. It receives postganglionic fibres from the pterygopalatine (spheno- 
palatine) ganglion which pass through the maxillary nerve, its zygomaticotemporal 
branch, the communicating branch of the latter with the lacrimal nerve, and the 
lacrimal nerve. Its preganglionic fibres are derived from the superior salivary nucleus 
of the facial nerve and then pass through the same nerve and its geniculate 
ganglion and its greater (superficial) petrosal branch to reach the pterygopalatine 
(sphenopalatine) ganglion where they end by synapse. 

The gland is also supplied by sympathetic filaments. 

Development. The ectodermal epithelium lining the lateral part of the 
superior conjunctival fomix in the conjunctival sac is evaginated to form epithelial 
buds which later on develop into acinous glands, the lacrimal gland and its ducts. 

The lacrimal sac forms the reservoir of the tears and is placed in a fossa formed 
by the lacrimal bone, frontal process of the maxilla and the lacrimal fascia. It * 
measures about half an inch in length and its upper end forms a flattened blind 
extremity. Its lower end is rounded and is prolonged downwards into the inferior 
meatus of the nose as the naso-lacrimal duct through which the lacrimal fluid is 
carried to the nose. 
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Fig. 891. The anatomy or the lacrimal apparatus Wth kind permission from: Callander* 
Surgical Anatomy, 2nd edition, 1939, W. B. Saunders Company, Philadelphia and London. 


Lacrimal canaliculi. These are the tubular passages through which the 
tears pass to the lacrimal sac. They are two in number, one for each eyelid, and 
each measuring about 10 mm. in length. Each canaliculus begins at the corres- 
ponding puncta lacrimalia and ends by opening into the lateral wall of the lacrimal 
sac. The superior canaliculus is shorter than the inferior one and it at first^ ascends 
and then making an acute angle passes downwards and medially to end into the 
lacrimal sac. The inferior canaliculus passes at first downwards and then runs 
horizontally to end into the lacrimal sac. 

Development of the optic nerve and visual apparatus. The visual 
apparatus develops from surface ectoderm, neural ectoderm (ectoderm giving origin 
to neural plate) and from the mesoderm. _ 

The anterior end of the neural plate in early somite stage forms bilateral thicken- 
ings which form the optic primodia. With the closure of the anterior neuropore the 
74 
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optic primodia appear as bilateral diverticula of the forebrain or prosencephalon * 
and they arc called the optic vesicles. 

Optic vesicles. Each optic vesicle appears as a diverticulum of the forebrain 
and contains a cavity within, which is continuous with the cavity of the forebrain. 
Then the vesicle elongates and forms a constricted proximal portion called the optic 
stalk and an expanded distal portion. The expanded distal portion soon comes 
into contact with the surface ectoderm which soon becomes thickened to form the 
lens placode. At about 5 mm. stage, the Jens placode is depressed and sinks below 
the level of the surrounding ectoderm. With gradual deptession it is converted into 
a vesicle, the lens vesicle, which soon becomes separated from the surrounding 
ectoderm. Concurrently with the formation of the lens vesicle, the distal porrionof 
the optic vesicle is invaginated into its proximal portion and forms a cup-like depres- 
sion known as the optic cup which now consists of an outer and an inner layer of 
neural ectoderm. The optic cup is deficient infer iorly due to the presence of the 
foetal fissure through which blood vessels pass to the posterior aspect of the lens 
vesicle. The foetal fissure then gradually becomes narrowed by the growth of its 
margin and at about 1 1 mm. stage its margin opposite the intermediate portion 
has fused around the blood vessels and from this point gradual fusion extends both 
proximally and distally and the fissure is completely obliterated at about 15 mm. 
stage. Incomplete fusion or absence of fusion results in a condition of develop- 
mental error known as coloboma. 

The cells of the outer layer of the optic cup soon acquire pigments, and later 
form the pigmented layer of retina. The cells of the inner layer then proliferate 
proximally and occlude the cavity of the optic vesicle and come to lie in contact vrith 
the pigmented layer. Later on, the cells of the inner layer of the optic Cup differentiate 
into anterior and posterior layers which are continuous with each other at the 
periphery. From the thickened posterior layer the pars optica retinae is formed 
while the thin anterior portion is called the pars caeca retinae. The junction 
between pars optica retinae (visual receptor) ana the pars caeca is marked by. the 
ora serrata. The pars caeca then splits up into anterior and posterior portions. 
The anterior portion extends forwards over the developing lens and forms the pars 
iridis retinae while the posterior portion forms the pars ciliaris retinae. The pars 
iridis retinae later on forms the posterior layer of the definitive iris. The pars optica 
retinae later forms the other layers of retina and the axons of the innermost layer 
form the optic nerve which passes backwards through the optic stalk and obliterates 
its lumen. The spongioblasts of the optic stalk later on form the glial elements in this 
region. 

Lens. The lens vesicle during 10 mm. stage forms a hollow spherical body 
consisting of a single layer of columnar cells. Later on, the cells of the two walls of 
the lens vesicle show differential character and proliferate rapidly. The cells of the 
anterior wall become cuboidal and they form the anterior epithelial lens capsule. 
The cells of the deep or posterior wall grow rapidly and obliterate the cavity of the 
lens vesicle and they form the whole of the lens proper except the anterior epithelial 
lens capsule. The. elongated cells of the posterior layer are arranged in layers which 
soon lose the nuclei and form the lens fibre and make it laminated. The lens capsule 
is vascularised posteriorly through the hyloid artery' which reaches it through the 
foetal fissure while its anterior part is vascularised by the annular artery. In normal 
cases these vessels undergo retrogression before birth but very rarely they persist 
in some form of congenital cataract and also in cases where the pupillary membrane 
persists. 

Vetreous body. The space between the posterior surface of the developing 
lens and the concavity of the optic cup is occupied by a reticulated jelly-like substance 
which forms the primodia of the hyloid or vetreous body. The hyloid vessels which 
pass through the foetal fissure run through the hyloid body before reaching the lens 
capsule. The hyloid body is surrounded by a membrane called the hyloid mem- 
brane. It develops from mesoderm (?) 
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Cornea, sclera and choroid. After the separation of the lens vesiclefromthe 
surface epithelium the underlying mesoderm extends forwards and intervenes between 
the lens and the surface ectoderm and they together form the cornea. The ectoderm 
forms the anterior epithelial covering of the cornea while the rest of it develops 
from the mesoderm. The mesodermal condensation around the optic cup separates 
into an inner and an outer layer. The inner layer forms the choroid which is vascular 
layer while the outer one forms the sclera which is continuous anteriorly with the 
cornea at the sclero-corncal junction. At first the cornea is opaque like the sclera but 
later on, histological changes supervene which transforms it into a transparent 
layer. The choroidal layer becomes much thicker opposite the margins of the optic 
cup and forms the ciliary body. 

Iris and aqueous chambers. The iris develops both from the mesoderm and 
the neural ectoderm. The mesoderm in front of the lens epithelium forms'the 
pupillary membrane and this together with the pars caeca retinae, which passes 
forwards beyond the lens, forms the iris. At birth the central part of the pupillary 
membrane breaks down to form the pupil. 

The aqueous chamber develops as a cavity in the mesenchyme in front of the 
lens and is limited in front by the posterior surface of the cornea. The iris which 
soon develops and projects into it, subdivides it into anterior and posterior chambers 
which communicate with each other through the pupil. 

Eye lids, conjunctiva and the lacrimal apparatus. The eye lids develop 
both from the ectoderm and mesoderm and appear as two folds, one above the 
cornea and one below it. The margins of the folds grow rapidly and soon meet 
each other and then undergo epithelial fusion and thus enclosing a space the 
conjunctival sac. 

The lacrimal gland appears as solid epithelial buds at the outer part of the 
conjunctival sac, and later on, these buds develop into acinous glands and their 
ductules open into the conjunctival sac. The lacrimal canaliculi develop as solid 
epithelial buds which are situated at the medial end of each eye lid margin. The 
two canaliculi develop and grow medially and fuse independently with another 
solid epithelial bud situated at the line of junction between the maxillary and lateral 
nasal processes. They later on form the lacrimal sac and the naso-Iacrimal duct 
which opens into the inferior meatus of the nose. 



THE EAR 

The ear or the organ of hearing is divisible Into three parts and from without 
inwards these parts are the external ear, middle car or lympamic cavity and the 
internal car or the labyrinth. 


THE EXTERNAL EAR 

The external ear consists of a large expanded portion known as the auricle 
which acts as a receiver of sound and then conducts it through a narrow canal known 
as the external acoustic (auditory) meatus to the tympanic membrane. 

The auricle is irregularly oval in form and is broader above than below. Its 
lateral surface is irregularly concave whereas its cranial surface is unevenly convex. 
It consists of a single plate of cartilage which is irregularly bent on itself so as to 
produce numerous eminences and depressions on its lateral surface. The prominent 
rim of the auricle is known as the helix. In front of the helix and separated from it 
by a curved hollow the rim-like eminence is known as the antihelix. The antihellx 
bifurcates above to enclose a triangular depression known as the triangular fossa. 
The scaphoid fossa lies in between the upper bolder of the triangular fossa and the 



helix. The deep depression in front of the antihclix is formed by the concha. Tim 
antihelix ends below into a conical projection known as the antitragus. The conical 
projection in front of the concha is known as the tragus. The notch in between the 
tragus and the anti tragus is known as the intertragic notch. The lobule of the ear 
hangs downwards from the lower end of the helix and antihellx. It is devoid of 
any cardlage. 

The external acoustic meatus is a narrow cylindrical passage consisting of a cartila- 
ginous and a bony part. The cartilaginous part is about 1/3 inch in length and joins 


THE EAR 


1173 


the bony part at a constriction known as the isthmus. The bony pad is formed by 
the tympanic part of the temporal bone and measures about 2/3 inch in length. It 
is directed downwards, forwards and medially. The whole of the external acoustic 
meatus together with the external surface of the tympanic membrane is lined by 
skin. The skin of the external acoustic meatus contains numerous seruminous 
glands which secrete the ear-wax. 


THE MIDDLE EAR OR THE TYMPANIC CAVITY 

The tympanic cavity is a laterally compressed vertical recess within the petrous 
part of the temporal bone and is interposed between the bottom of the external 
acoustic meatus and the internal car or the labyrinth. 

In consists of a roof, a floor, a posterior, an anterior, a medial and a lateral 
wall. . 

As it is compressed on either side the tympanic cavity is smallest in its transverse 
diameter and measures about 1/12 to 1/6 inch from its lateral to its medial wall. 
Its vertical and anteroposterior diameters measure about 1 /2 an inch in length. 

The roof of the tympanic cavity is formed by a thin plate of bone known as 
the tegmen tympani which separates it from the middle cranial fossa. 

The floor or the jugular wall is narrow and is formed by a thin osseous lamina 
which separates it from the jugular fossa winch contains the superior bulb of the 
internal jugular vein. Its lower part lies below the level of the tympanic membrane 
and the auditory (pharyngotympanic) tube. 



The posterior or mastoid! wall is fanned above by the epitympanic recess 
which communicates it with the tympanic antrum, and below that, by a conical 
hollow projection known as the pyramid. Into the hollow or the pyramid there lira 
the stapedeus muscle. 

The anterior wall is narrow because the medial and the lateral walls converge 
anteriorly. The upper part of the anterior wall is formed by the opening for the 
tensor tympani muscle, the intermediate part by the tympanic opening of the 
auditory tube and the lowest part is formed by a thin osseous lamina which separates 
the tympanic cavity from the carotid canal. 
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The medial wall of the tympanic cavity is formed by the internal car and 
it presents the following features. 

( a ) Promontory. It is a small rounded bony prominence in the anterior part 
or the medial wall and is formed by the first turn of the cochlea. Its surface present 
numerous delicate furrows for the lodgement of the tympanic plexus of nerves. 

{ b ) Fenestra cesitbuli. It is an oval opening situated above and behind the 
promontory. In the recent state the base of the stapes fits into it and is anchored 
by the annular ligament. 

(e) Fenestra cochleae. It is a small opening situated below and behind the 
fenestra vestibuh and is hidden by the posterior part of the promontory. It opens 
into the scala tympani of the cochlea and is closed up by the secondary tympanic 
membrane in the recent state. 

(d) Prominence of the facial canal. It is an anteroposterior bony prominence on 
die medial wall of the tympanic cavity which begins immediately above the fenestra 
vestibuh and passes backwards to the medial wall of the cpitympanic recess from 
where it descends downwards on the posterior wall of the tympanic cavity. In the 
recent state it lodges the facial nerve. 

The lateral wall of the tympanic cavity is formed by the tympanic membrane, 
tympanic ring and by a portion of the squamous part of the temporal bone above 
the tympanic membrane. 

Contents 

Arteries: , 

(1) Anterior tympanic branch of the maxillary artery. 

(2) Stylomastoid branch of the posterior auricular artery. 

(3) Superficial petrosal branch of the middle meningeal artery. 

(4) Superior tympanic branch of the middle meningeal artery. 

(51 Tympanic branch of the ascending pharyngeal artery. 

(6) Tympanic branch of the internal carotid artery. 

Veins. The veins of the tympanic cavity end into the pterygoid venous plexus 
and into the superior petrosal sinus. 
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rves: 

(1) Tympanic branch of the glossopharyngeal nerve. 

(2) Superior and inferior caroticotympanic nerves from the carotid plex' 
of sympathetic. 

(3) Chorda tympani branch of the faciai nerve. 



Muscles 

(1) Stapedeus. 

(2) Tensor tympani muscle. 

Bones 

(1) Malleus. 

(2) Incus. 

(3) Stapes. 

Ligaments 

(1) Anterior, lateral’ and superior ligaments of the malleus. 

(2) Posterior and superior ligaments of the incus. 

(3) Annular ligament of the stapes. 


The tympanic cavity is lined by mucous membrane derived from the pharyngo- 
tym panic tube. It is supplied by the arteries contained in the cavity and its nerve 
supply is derived from the tympanic plexus formed by the tympanic branch of the 
glossopharyngeal nerve and the superior and inferior caroticotympanic nerves from 
the carotid plexus of sympathetic?. 

The tympanic membrane. The tympanic membrane or the drum of the 
rar is an oval trilamellar membrane which is interposed between the bottom of the 
txtcrhal acoustic meatus and the middle ear or the tympanic cavity and is the 
receiver and transmiter of the sound vibrations from the external to the middle ear. 

Measurements. Its long axis is nearly vertical and measures about 10 mm. 
and its shortest diameter varies between 8 and 9 mm. and about, *5 mm. in thickness. 

Position. It is oblique in position being directed forwards and medially 
from the postero'superior to the anteroinferior wall of the external acoustic meatus. 
In its position it maintains an angle of 55 degrees with the bottom of external 
acoustic meatus. 

Form, Colour and transparency. It ts oval in form being broader above 
than below and is a greyish semitransparent membrane. 
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Attachment. The ccrcumfcrcntial margin of the tympanic membrane forms 
a thickened, fibrocartilaginous rim which is attached to the tympanic sulcus, formed 
by the tympanic pari of the temporal bone at the bottom of the bony external 
acoustic meatus, except superiorly where the tympanic sulcus is deficient and the 
membrane is attached to the squamous part of the temporal bone. 

Descriptive parts. The tympanic membrane presents for examination a 
circumferential margin, which is attached to the bone as described above, and a medial 
and a lateral surface. 



Its lateral surface forms the medial boundary of the external acoustic meatus 
and is gently concave so as to form a receiving surface for the sound waves. This 
surface is lined by the skin of the externa! ear. 

Its medial surface is lined by the mucous membrane of the middle ear cavity and 
forms the lateral boundary of the latter. This surface is convex and the maximum 
convexity corresponds to the attachment of the tip of the manubrium of the malleus 
to it and coincides with a point which lies just below and posterior to its centre. 
This point of maximum convexity on the medial surface is called the umbo. 

The distance between the medial surface of the tympanic membrane and the 
medial wall of the tympanic cavity varies between 2 and 4 mm. and thus its antero* 
superior quadrant is closely related to the tympanic opening of the auditory tube; 
when the thin lamina of bone separating the carotid canal from the tympanic cavity is 
deficient its antero-inferior quadrant comes into relation with the internal carotid 
artery; its postcro-superior quadrant is related to the stapes, oval window and the 
long process of the incus while its postero-inferior quadrant is related tothepromontory. 

Two mucous folds, anterior and posterior malUolar folds extend to the two ends of 
the tympanic sulcus from the lateral process of the malleus. The portion of the 
tympanic membrane enclosed between the malleolar folds is called the pars flacdda 
and the rest of the tympanic membrane is known as the pars tensa. As the name 
implies the pars flaccida is loose and lax whereas the pars tensa is stretched and tense 
due to attachment of the manubrium of the malleus and the tensor tympani muscle 

inln tlie tatter 
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Structures within the membrane. The handle of the malleus and its 
lateral process is engrafted within the tympanic membrane being interposed between 
its inner mucous lining and the intermediate fibrous layer and extends roughly 
half-way downwards into it. The chorda tympani nerve enters the tympanic cavity 
through its posterior wall through the posterior canaliculus for the chorda tympani 
nerve and traverses through the tympanic membrane antcropostcriorly between 
the fibrous and mucous layers and passes across the handle of the malleus and 
emerges out of it by passing through the anterior canaliculus for the chorda tympani 
nerve at the inner end of the petrotympanic fissure. 

Otos topic view of tbe tympanic membrane. In an otoscope, wJicn light falls oil the tympanic 
membrane, the latter appears to be greyish in colour. A prominent spot on the antero-superior sector 
adjoining the circumferential margin is due to the lateral process of the malleus, and projecting down- 
wards and backwards up to the umbo is a ridge caused by the handle of the malleus. The membrane 
can be divided into four quadrants, antero-superior, antcro-inferior, postrro-superior and 
postero-inferior, by two lines, one vertical corresponding to the line of the handle of the malleus, and 
die other horizontal crossing at a right angle to the former line opposite the (ip of the handle of the 
malleus. When light falls on the membrane a bright area called the “cone oF light" radiates 
downwards and forwards from the tip of the handle of the malleus in the antcro-infenor sector of 
the membrane. Superiorly the anterior and the posterior malleolar folds arc seen to extend to the 
periphery in a V-shaped manner, the apex of “V*’ corresponding with thelateral processor the malleus. 

Histological structure. Histologically the tympanic membrane consists of 
outer cuticuiar, intermediate fibrous and inner mucous layer. 

The outer cuticuiar layer is continuous with the skin of the external acoustic 
meatus and is covered by stratified epithelium. 

The intermediate fibrous layer consists of radiating and circular fibres. The 
radiating fibres radiate from the handle of the malleus superficially while the circular 
fibres lie deep to them and are found to bescattcred in the centre while they condense 
towards the periphery of the membrane. The intermediate fibrous layer is deficient 
in the pars fiaccida which, therefore, consists of two layers, outer cuticuiar and 
inner mucous layer. 

The inner mucous layer is continuous with the mucous lining of the middle car and 
is covered by the columnar ciliated epithelium. 

Vascular supply. Its outer cuticuiar layer is supplied by the deep auricular 
branch of the maxillary artery and its inner layer is supplied by the stylomastoid branch of 
the posterior auricular artery and by the tympanic branch of the maxillary artery. 

The veins draining its outer surface open into the external jugular vein and its 
inner surface is drained by veins which open either into transverse sinus or into the 
veins of the dura mater and communicate with the plexus of veins on the (pharyngo- 
tympanic) auditory tube. 

Lymphatics. The lymphatics follow the blood vessels and terminate into 
upper deep cervical group oflymph nodes. 

Nerve supply. Its outer surface is supplied by the auriculotemporal nerve 
and the auricular branch of die vagus nerve and its inner surface ^supplied by the 
tympanic branch of the glossopharyngeal nerve through the tympanic plexus. 

Development. Develop mentally the tympanic membrane is a composite 
structure being formed by the three germinal layers, ectoderm, entoderm and the 
mesoderm. 

The inner mucous layer is formed by the entoderm of the tubotympanic recess 
which is an entodcrmal diverticulum from the first and the second phnnyngcnl 
pouches. The outer cuticuiar layer is derived from the ectoderm lining the first 
branchial cleft which forms the auditory pit. The cells of the bottom of the deft 
proliferate to form a mass of cells known as the mtaial plate which grows inwards 
towards the distal end of the tubotympanic recess, which is destined to form^the 
tympanic cavity. During late foetal life, the central cdb of the meatal plale break 
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Attachment. The cercumferential margin of the tympanic membrane forms 
a thickened, fibrocartilaginous rim which is attached to the tympanic sulcus, formed 
by the tympanic part of the temporal bone at the bottom of the bony external ' 
acoustic meatus, except superiorly where the tympanic sulcus is deficient and the 
membrane is attached to the squamous part of the temporal bone. 

Descriptive parts. The tympanic membraue presents for examination a 
circumferential margin, which is attached to the bone as described above, and a medal 
and a lateral surface. 



Its lateral surface forms the medial boundary of the external acoustic me3tus 
and is gently concave so as to form a receiving surface for the sound waves. This 
surface is lined by the skin of the external ear. 

Its medial surface is lined \ry the mucous membrane of the middle car cavity and 
forms the lateral boundary of the latter. This surface is convex and the maximum 
convexity corresponds to the attachment of the tip of the manubrium of the malleus 
to it and coincides with a point which lies just below and posterior to its centre. 
This point of maximum convexity on the medial surface is called the umio. 

The distance between the medial surface of the tympanic membrane and the 
medial wall of the tympanic cavity varies between 2 and 4 mm. and thus its antero- 
superior quadrant is closely related to the tympanic opening of the auditory'tube; 
when the thin lamina of bone separating the carotid canal from the tympanic cavity is 
deficient its antero-inferior quadrant comes into relation with the internal carotid 
artery; its postero-superior quadrant is related to the stapes, oval window and the 
long process of the incus tvhile its postero-inferiorquadrantis related to dicpromontory. 

Two mucous folds, anterior and posterior malleolar folds extend to die two ends of 
the tympanic sulcus from the lateral process of the malleus. The portion of the 
tympanic membrane enclosed between the malleolar folds is called die pars flacdda 
and the rest of the tympanic membrane is known as the pars lensa. As the name 
implies die pars flaccida is loose and lax whereas the pars tensa is stretched and tense 
due to attachment of the manubrium of the malleus and the tensor lympam muscle 
into the latter. 
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Structures within the membrane. The handle of the malleus, and its 
lateral process is engrafted within the tympanic membrane being interposed between 
its inner mucous lining and the intermediate fibrous layer and extends roughly 
half-way downwards into it. The chorda tympani nerve enters the tympanic cavity 
through its posterior wall through the posterior canaliculus for the chorda tympani 
nerve and traverses through the tympanic membrane anteroposterioriy between 
the fibrous and mucous layers and passes across the handle of the malleus and 
emerges out of it by passing through the anterior canaliculus for the chorda tympani 
nerve at the inner end of the petrotympanic fissure. 

Otoscoplc view of the tympanic membrane. In an otoscope, when light falls on the tympanic 
membrane, the latter appears to be greyish in colour. A prominent spot on the antero-supenor sector 
adjoining the circumferential margin is due to the lateral process of the malleus, and projecting down- 
wards and backwards up to die umbo is a ridge caused by the handle of the malleus. The membrane 
can be divided into four quadrants, antero -superior, antero-inferior, postero-superior and 
poster o-inferior, by two lines, one vertical corresponding to the Jme of the handle of the /naJJeur, arid 
the other horizontal crossing at a right angle to the former line opposite the tip of the handle of the 
malleus. When light falls on the membrane a bright area called the "cone of light” radiates 
downwards and forwards from the tip of the handle of the malleus in the antero-infemr sector of 
the membrane. Superiorly the antenor and the posterior malleolar folds are seen to extend to the 
periphery in a V-shaped manner, the apex of “V” corresponding with the lateral process or the malleus. 

Histological structure. Histologically the tympanic membrane consists of 
outer cuticular, intermediate fibrous and inner mucous layer. 

The outer cuticular layer is continuous with the skin of the external acoustic 
meatus and is covered by stratified epithelium. 

The intermediate fibrous layer consists of radiating and circular fibres. The 
radiating fibres radiate from the handle of the malleus superficially while the circular 
fibres lie deep to them and are found to be scattered in the centre while they condense 
towards the periphery of the membrane. The intermediate fibrous layer is deficient 
in the pars flaccida which, therefore, consists of two layers, outer cuttcular and 
inner mucous Jayer. 

The inner mucous layer is continuous with the mucous lining of the middle ear and 
is covered by the columnar ciliated epithelium. 

Vascular supply. Its outer cuticular layer is supplied by the deep auricular 
branch of (he maxillary artery and its inner layer is supplied by the stylomastoid branchof 
the posterior auricular artery and by the tympanic branchof the maxillary artery. 

The veins draining its outer surface open into the external jugular vein and its 
inner surface is drained by veins which open either into transverse sinus or into the 
veins of the dura mater and communicate with the plexus of veins on the (pharyngo- 
tympanic) auditory tube. 

Lymphatics. The lymphatics follow the blood vessels and terminate into 
upper deep cervical group of lymph nodes. 

Nerve supply. Its outer surface is supplied by the auriculotemporal nerve 
and the auricular branch of the vagus nerve and its inner surface is supplied by the 
tympanic branch of the glossopharyngeal nerve through the tympanic plexus. 

Development. Developmen tally the tympanic membrane is a composite 
structure being formed by the three germinal layers, ectoderm, entoderm and the 
mesoderm. 

^ The inner mucous layer is formed by ihe entoderm of the tubotympanic recess 
which is an entodcrmal diverticulum from the first and the second phanyngeal 
pouches. The outer cuticular layer is derived from the ectoderm lining the first 
branchial cleft which forms the auditory pit. The cells of the bottom of the deft 
proliferate to form a mass of cells known as the meatal plate which grows inwards 
towards the distal end of the tubotympanic recess, which is destined to form\the 
tympanic cavity. During late foetal life, the central cells of the meatal plate break 
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down to form the deeper part of the external acomtic meatus and the deepest layer 
of cells forms the cuticular layer of the tympanic membrane. The intervening 
mesoderm, in which the handle of the malleus also grows, forms the fibrous element 
of the membrane. 

Applied Anatomy. Retraction of tympanic membrane may occur due to 
blockage of the auditory tube and absorption of the air contained in the middle car. 
Myringotomy is done through the postero-inferior sector of the tympanic membrane 
to avoid injury to the chorda tympani nerve. 

The tympanic antrum. The tympanic antrum is a recess or air chamber 
situated partly within the peUous and partly within the mastoid part of the lempotal 
bonr. It lies immediately below and behind the epitympanic recess of the tympanic 
laxity and occupies the deploic layer at the expense of the bone marrow. Together 
wnh the epitympanic recess it resembles a retort in shape and the bowl of the retort 
represents the tympanic antrum and its elongated neck, the epitympanic recess. 

Boundary. Its roof is formed by a thin plate of bone known as the legmen 
tympani which separates it from the posterior part of the middle cranial fossa wEIch"" 
Is "closely related to the sigmoid sinus. Its floor is formed by the mastoid air cells. 
Medially it is bounded by the lateral semicircular canal and by the prominence of 
the facial canal. Laterally it is bounded by that portion of the squamous part of 
the temporal bone which lies below the supramastoid crest. Anteriorly it u 
bounded, above, by the epitympanic recess, and below, byathinplateofbonewluch 
separates it from the inner part of the external acoustic meatus. Posteriorly 
it is formed by the mastoid air cells and is separated from the cerebellum and the 
transverse sinus by a thin plate of bone. The tympanic antrum is slightly smaller 
than the mpanic cavity and is lined by the same mucous membrane which lines the 
tympanic cavity. The tympanic antrum is comparatively large at birth when still 
the mastoid air cells begin to sprout from the antrum and grow like a racemose 
gland. 

The tympanic antrum contains air and the source of the air into it ts front the 
tympanic cavity which in turn derives the air from the nasal part of the pharynx 
through the auditory (pharyngotympanic) tube. 

Communications. Anteriorly it communicates with the tympanic cavity 
through the epitympanic recess and through the tympanic cavity and the auditoty 
(pharyngotym panic) tube with the nasal part of the pharynx. Posteriorly it 
communicates with the mastoid air cells. 


Difference between the mastoid air cells and para-nasal sinuses. 



Paranasal sinuses 

Mastoid air ceils 

Origin ,T1 

s 

. . All paranasal sinuses arise inde- 
pendently within the respective 
bones except the frontal air 
sinuses which develop from the 
anterior ethmoidal air cells. 

The mastoid air cells sp**” 
from the tympanic antrum. 

Shape 

. . Each assumes some geometrical 
shape. 

They resemble compound race- 
mose gland and the cells branch 
out from a common item. 

Mucous lining . . 

. . Covered by muco-pcricuteum 
which contains some mucous 
glands. 

Covered only by mucous mem- 
branes derived front the 
tympanic cavity and the tym- 
panic antrum and the mucous 
glands are absent. 
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to be attached to the bony wall of the cochlea a little above the attachment of the 
basilar membrane. The scala vestibuli opens into the vestibule while the scala 
tympani is separated from the tympanic cavity, at the fenestra cochlea by the 
secondary tympanic membrane. The two scalae are continuous with each other at the 
apex of the cochlea by an opening called the helientrema. A small duct, the aequtduci 
of Ike cochlea traverses a small bony canal in the petrous portion of the temporal 


VESTIBULAR (M8SNEV*) MEMBRANE 



ORGAN OR COftTI AND BASILAR MEMBRANE 


Tig. 898. 'Hie anatomy or the cochlea of the internal car. With kind permission from: 

Prof W, H. Hollinshcad, Anatomy for the Surgeons, Vol. I, Paul U. Hocbcr INC. 

bone, the summit of which opens at the apex of the triangular depression situated 
immediately below the internal acoustic meatus on the inferior surface- of the 
petrous part of the temporal bone. It communicates with the subarachnoid space 
and it is through this aqueduct that the cerebrospinal fluid comes into the cochlea 
and constitutes the perilymph of the bony labyrinth. 



Fig. 899. The hearing mechanism. (Diagrammatic) ' 

The vestibule communicates in front with the cochlea and behind with the 
three semicircular canals. Medially it communicates with the posterior cranial 
fossa by the aqueduct of the vestibule. By the fenestra vestibuli it communicates 
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%yith the tympanic cavity. The base of the stapes is attached to the fenestra vestibuli 
(oval window). 

The semicircular canals are three in number. The superior, posterior and 
the lateral semicircular canals. They are placed at right angle to each other and 
occupy three planes in space. A11 of them communicate with the vestibule by their 
two ends and near their termination each presents a dilatation known as the ampulla 
of the semicircular canal. At one end the superior and the posterior semicircular 
canals open into the vestibule by a common stem, the crus commune and hence they 
open into the vestibule by five openings instead of six. The superior semicircular canal 
produces an eminence, the arcuaie eminence on the anterior surface of the petrous 
portion of the temporal bone. The taieral semicircular canal also causes an elevation 
on the medial wall of the tympanic cavity and the epitympanic recess. 

The membranous labyrinth consists of a cochlear duel, the saccule and the 
utricle and the three semicircular ducts. It is a closed system and contains some fluid 
within known as the eniolymph. A recess of the membranous labyrinth projects 
from the saccule and the utricle through a minute canalwhich opens into a slit-like 
opening at die posterior part of the internal acoustic meatus and is known as the 
ductus endolymphaticus. It is the safety valve of the membranous labyrinth r and 
prevents excessive shock in the endolymph. The cochlear duct lies on the vestibular 
side of the basilar membrane and is enclosed between the basilar membrane and the 
vestibular membrane, and communicates with the saccule by a narrow canal, the 
canalis reuniens. The saccule and the utride are contained within the vestibule and 
they communicate with each other by a 'Y’-shaped duct, the ductus utriculosaccularis. 
The limbs of the ‘Y' join the utricle on one side and the saccule on the other side and 
the stem of the ‘Y’ is prolonged as a diverticulum, the succus endotymphalicus which 
passes through the aqueduct of the vestibule in the posterior surface of the temporal 
bone. The semicircular ducts occupy the semicircular canals and open into the 
utricle. 

Vessels and nerves. The internal auditory artery, a branch of the posterior 
cerebellar artery or basilar artery, enters through the internal acoustic meatus and 
supplies the internal ear. The veins open into the inferior petrosal sinus. The 
cochlear branch of the stato-acoustic nerve is the nerve of hearing and is distri- 
buted to the cochlea, and the vestibular branch of the stato-acoustic nerve 
is the nerve of equilibrium which is distributed to the semicircular canals, the 
utride and the saccule. 

Development of the auditory apparatus. The internal ear arises from an 
ectodermal thickening, the die placode which lies on each side of the developing hind - 
brain during seventh somite stage of the growing embryo. During later develop- 
ment, the ectoderm surrounding the otic placode becomes elevated due to prolifera- 
tion of the underlying mesoderm. Consequent upon the elevation of the surrounding 
ectoderm, the otic placode now is a depression known as the otic pit. A about 30 
somite stage the otic pit forms a vesicle, the die vesicle or the otocyst. The otocyst at 
this stage is related anteromedially to the acousti co-facial portion of the neural crest 
which is invaded by some of its cells. The neuroblasts collected in the acoustico- 
facial portion of the neural^ crest form the primodia of the acoustieo- facial ganglion. 
The cells of the acoustic ganglion are bipolar and remain so through- 
out the rest of the life. The peripheral processes of the bipolar cells are distributed 
to the otocyst which, later on, develops into specialized sensory organs. Their 
central processes grow in the region of the rhombic Up and later on differentiate 
into vestibular and cochlear nerves. Later on, a diverticulum appears from the 
medial wall of the otocyst and then becomes elongated to form the endolymphatic sac. 

The : otocyst then shows differential growth and becomes constricted in its middle 
part and is divided into an upper vestibular pouch and a lower cochlear pouch, 
hrom the upper part of the vestibular pouch the three semicircular canals are formed 
while its loner part forms the utricle into which the semicircular canals open. The 
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cochlear pouch soon differentiates into an upper and a lower part. The upper part 
forms the saccule while its lower part rapidly elongates and then becomes coiled to 
form the cochlea. 

The mesenchyme round the derivatives of the otocyst soon becomes condensed 
and later on becomes chondrified to form the otic cartilages. The otic cartilages 
again become differentiated to form loose periotic tissue from which later on the 
bony framework of die internal ear is formed. 

The middle car or the tympanic cavity has different history of origin. Together 
with the pharj ngo-tympanic tube it develops as tubo-tympanic recess from the first 
pharyngeal pouch and from the adjacent parts of second pouch. The first 
ectodermal cleft represents in part the external acoustic meatus, and while ex- 
tending, the tubo-tympanic recess comes in contact with the ectoderm of the 
first ectodermal cleft and the area of contact between the two, together with the 
inters cning mesoderm, forms the tympanic membrane. Thus it is evident that the 
outer cuticular layer of the tympanic membrane is derived from ectoderm, 'the inner 
mucous layer from endoderm while the intermediate fibrous layer is derived from 
the mesoderm. 

The first (Meckel's) and the second (Reichart’s) arch cartilages lie in the 
branchial mesoderm both in front of and behind the tubotympanic recess. From 
the first arch cartilages the incus and the malleus are formed while the stapes is formed 
from the second arch cartilage. The tensor tympani muscle is associated with the 
malleus while the stapedeus is in association with the stapes and they arise from the 
branchial arch mesoderm. They receive their nerves from the nerve of the first 
ancKtWsecottd arches respectively, i.e., the tensor tympani from the nerve of the first 
arch (mandibular) and the stapedeus from the nerve of the second arch (facial). 

The external ear develops from a number or ectodermal hillocks surrounding 
the opening of the first ectodermal cleft. 



THE SURFACE OR THE TOPOGRAPHICAL 
| . ANATOMY 

Surface anatomy or topographical anatomy deals with the study of the different 
structures by drawing their general outline on the surface of the body so as to as- 
certain their exact position in relation to the skin surfaces. With the knowledge of 
surface anatomy one can well estimate the situation of a particular structure and can 
explore it from the surface wherever necessary. Bony, muscular and other pro- 
minences and natural hollows or grooves on the surface of the body are taken as 
- guides, and the relation of the internal structures with these landmarks are noted 
and the general outline of the structure is mapped out on the surface by lines. 


THE ABDOMEN 

Anterior abdominal Wall. The features of the anterior abdominal wall 
varies greatly with age, sex, adiposity and disease. The rounded contour of the 
abdomen in children is due to tne large size of the liver and the small size of the 
pelvic cavity. The smaller pelvic cavity cannot accommodate all the organs in it 
and some of the organs project into the abdominal cavity, which, to some extent, is 
responsible for its rounded contour. Thus the urinary' bladder, which is a pelvic 
organ in the adult, is/an abdomino-pelvic organ in the children. 

Linea alba. This corresponds to the median groove on the anterior abdominal 
Mali and extends from the tip of the xiphoid process to the symphysis pubis. The 
umbilicus forms a median fossa opposite the third and the fourth lumbar 
vertebrae. 

X Linea semilunaris. Linea semilunaris corresponds to the lateral border^" 
of the rectus abdominis and can be represented by a, curved line, concave outwards, 
drawn from the tip of the ninth costal cartilage to the pubic tubercle. 

*”* Umbilicus. The position of the umbilicus greatly varies with obesity and 
laxity of the abdominal wall and its normal position corresponds to a point 4/5 inches 
below the midpoint between the xiphoid process and the symphysis pubis and 
corresponds to the disc between the third and the fourth lumbar vertebrae anteriorly 
and to the third lumbar spine posteriorly. 

Transpyloric plane. Take a point opposite the tip of the corresponding ninth 
rib and join them by a straight line which will represent the transpyloricplaneand 
this plane cuts the lower border of the body of the 1st lumbar vertebra.. It also, 
corresponds to a transverse line drawn across the anterior abdominal wall between 
the supra-stemal notch and ’the top of the symphysis pubis. The following important 
structures can be found opposite this level: " / 

(1) On the right side, opp osite the tip of the ninth rib^tllcrc lies the fund uspr 

the gall bladder. — - _ — _ — 

(2) It corresponds to the lower border of the first lumbar ’ vertebraT' 3 ^ - '’ 

(3) The hililm of the kidney lies opposite this level abput 2$ inches from 

the median plane. v ' / 

(4) The superior mesenteric artery arises from the abdominal aorta opposite 
this. level in the median plane. 

(5) The pyloric portion of the stomach l i es op posite this level in the cadaver^ 
and in s upine positi on during life within 1/2 mcKof the mid-line. 

(6) The spInaFcortrefids at the conus medulla ris "opposite the lower border 

of the first lumbar vertabra. ' • 

(7) The thoracic duct begins at this level. 

(8) The tail of the pancreas lies opposite this leveL^-'"" . .. ■ 

(5) Uw bndJref IW?) 


1184 1 ' 


human anatomy 


^ j 

^ Subcostal plane. It lies about two'inches below the transpyloric plane and 
cuts- the lower part of the body of the third lumbar vertebra and corresponds to the 
mdst dependent part of the tenth rib. 

Transtubercnlar plane. Join the tuberosity of the crest of ilium of hip bone 
of one side with the other by a straight line and this will represent tliejram tubercular 
plane and this cuts the upper part of the body of the fifth lumbarvertebra. • 

^Lateral plane. The corresponding lateral planes (right and left) can be out* 
lined by drawing a line perpendicularly upwards from the middle of the correspond* 
ing inguinal ligament.* In its course it will cut both the transpyloric and the trani- 
tubcrcular planes. 

Sterno-ensiform point. This point corrcsponds__to a depression immediately 
below the sternal insertion of the seventh pair of costal cartilages and can be readily 
recognised even in fat subjects. 

On the backside the portion opposite the abdomen is marked by the conspicu- 
ous elevation caused by the erector spinae (sacrospinalis) and extends. for about 
2} inches from the midline which forms a conspicuous linear hollow between them. 

Lumbar triangle. The base of the lumbar Jnanglc corresponds to the 
highest point of the iliac crest and its margins are formed by the obhquus extcrnui 
abdominis in front and the Iatissimus dorsi behind. ,t=s 

-'-Highest point of iliac crest or the intercristal plane. A transverse fine 
joining the highest points of the two iliac crests passes across the fourth lumbar mine 
or between third and the fourth lutnbatSpmesjjjiis guide is made me ontuperforftv* 
ing the lumbar puncture and in counting tficlumbar vertebrae. 

V .Deep inguinal ring. The centre of the deep inguinal ring _can -be -represented 
by a point which lies 1 cm. above the midpoint of a line joining the anterior superioj 
iliac sgine and the symphysis pubis. 

'•'Superficial inguinal ring. The centre of the superficial inguinal ring .can 
be represented by a point which lies about 1cm. above and the same distance lateral 
to the pubic tubercle. ^ ~ ~ 

t-Jnguinal canal. The inguinal canal can be represented by a line joining the 
deep to the superficial inguinal ring and measures about 37cm.'in Icftgthr 

Infcrior epigastric artery. This can be rcpresented_bv a line drawn from 
the mid-point of a line, joining the anterior superior iliac spine to the symphysh 
pubis, to the umbilicus. 

Llgamentum Teres hepatis. It represents the obliterated left.qt mbificnl 
vein and. extends from the umbilicus to the left cod of the porta hep atis whereite nU> 
by joining*Vvith the left branch of the portaLvrinJL It can be represented by a fine 
which ascends upwards and to the right froml'Re' umbilicus to the lower border_of 
the liver a little to the left of the gall bladder notch opposite thejmtth costal 
cartilage. ~ 

-oThe stomach. The cardiac orifice lies behind the seventh costal cartilage 2‘5 cm. 
to the left of the median plane and can be represented by tuo'Sftort parallel fines 2 cm. 
apart, inclining downwards and to the left. The Pylorus can be represented by two 
short parallel lines 2 cm. apart on the transpyloric plane about 1/2 an inch to the 
right. The lesser curvature can be represented by a J-shaped fine by joining the right 
margin of the cardiac orifice and the upper margin of the pylorus, the union with the * 
latter taking place immediately below the transpyloric plane. _Thc fundus o f the : 
.stomach corresponds to a line, convex upwards, and drawn from the left margin of ' 
the cardiac orifice to a point in the left fifth intercostal space immediately below the 
nipple, or in the mid-clavicular line. The greater curvature of the stomach can be re- 
presented by a curved line convex to the left and downwards, drawn from the left 

\ 
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behind the pylorus, and its body and tail can be represented by 2 lines 3 cm. apar 
drawn upwards and to the left for 10 to 12 cm. from the neck. 



Fig 901. The surface relations of the large intestine 

The caecum. It occupies the triangular interval bounded hyrhe right Jateral 
plane, the transtubercular plane and the fold to the groin. It can be outlined by 
a U-shaped curved line having the convex border directed downwards in this area. 

The Illocolic valve .or orifice. It can be represented by two parallel hori- 
zontal lines 2 cm. aparfor by a point opposite the intersection between the right 
transtubercular plane and the right lateral plane. " 

The ascending colon. ' It can be represented by 2 parallel lines 5 cm. apart 
which begin from the transtubercular plane immediately on the right side of the 
right lateral plane and end in the right colic flexure at a point mid-way between 
"the transpyloric plane and the subcostal plane..*. 

The transverse colon. It can be represented by two curved lines 5 cm. 
apart. It begin; in the right hypochondriac region immediately below the trans- 
pyloric plane on the* right side of the right lateral plane and then descends down- 
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Posterior femoral cutaneous nerve. Same as sciatic nerve but its lower 
iomt corresponds to the inferior angle of the popliteal fossa. 

Common peroneal (Lateral popliteal) nerve. Take a point at the superior 
angle of the popliteal fossa, another on the head of .the fibula and the third on the 
lateral aspect of the neck of the fibula. The nerve follows the medial margin of the 
tendon of the biceps femoris and curve forwards around the neck of the fibula. 

Deep peroneal (Anterior tibial) nerve. Take a point on the lateral side 
of the neck of the fibula and another between the tibial tuberosity and the head of 
the fibula and the third point between the two malleoli and join'*them together. 

SjS prior extensor retinaculum. It is a thickene*d band of deep fascia 
oad and extends from the anterior border of the triangular subcutaneous 
.he lower end of the fibula to the lower part of the anterior border of the 


prior extensor retinaculum. It is attached to the anterior part of the 
urface of the calcaneum and is represented by a band, 1*5 cm. wide, which 
mednlly to the dorsum of the foot to the medial side of the extensor digitorum 
, 'endon from where it divides into two limbs; the upper limb passes to the 
il nalleolus while’ the lower limb passes round the medial margin. of the foot 
in the plantar aspect where it is continuous tvith the plantar aponeurosis. 

Superficial peroneal (Musculocutaneous) nerve. Take a point on the 
■at aspect of the neck of the fibula, another on the anterior border of the 
incus longus tendon at the junction of the lower and middle-third of the leg, 
ond this point it becomes subcutaneous. It is drawn by a line directed down- 
-ds and inwards from the first to the second point. 

Posterior tibial nerve. Points same as the posterior tibial artery. 

The flexor retinaculum of the foot. It is a broad band about 1 inch 
ide and passes downwards and backwards from the medial malleolus to the medial 
Spec of the heel. Its lower border runs from the medial malleolus to the tubercle 
if the calcaneum. 
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Fig. 929. The antcro-pojtcnV radio- 
graph of the forearm and hand 

Explanatory notes. Note that 
the lower epiphysis of the radius, 
triquetral, hamate and capitate 
bones are visualized. Other carpal 
bones arc not seen because they are 
still cartilaginous. The triquetral 
bone ossifies at the age of third year 
The lunate bone, which ossifies at 
fourth year, is not visualised. There- 
fore (he age of ffie su6j'ec£ waalj 
be above throe years and below four 
years. 
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Fig. 930. The antero-pciterior radiograph of the thorax. 
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joint spacM^v^'th^'arJwidS whi^dfcalTh't^ 3 ^"” Mre wll-rourtiied and the 
«ha, the scaly epiphysis of the ‘“T- IT 3,111 Aho not 5 

>car, has not appeared and at the same time it,. ° - ? ur ^ aa y "hich appears at about the tenth 
appear between 3 and 6 years has e appeared Thufihe^” r ° r ^e prosimal phalanges which 
and tenth yean. PP” «- inm the age of the subject would be between sixth 
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Fig. 911. The lateral radiograph of the foot of a boy of two and a half years. 


Explanatory notes. In this radiograph the lower epiphyses of the tibia 
and the fibula which begin to ossify at second year and at the later part 
of first year respectively are well -visualised. The navicular bone which 
begins to ossify at third year is not seen and therefore the age of this 
subject would be above 2 years but below three years. 


ig 942. The antero-postenor rad.ograph of the abdomen 
01 an expectant mother. 

and that the foeul vcrlebraUoTunm'is' arched' into a ,he pc,vlc avi, y of the mothe 

vertex (normal) prejcntation. “ ' a *«m-c«rde indicating a normal curvature wit! 
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Fig. 944 The amero-postenor radiograph or the abdomen of 3n 
expectant mother. 


natory notes. Note the position of the foetal sVull above and the buttock 
b) within the pelvic cavity of the mother indicating: a breech presentation. 
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1 Explanatory notes. The first figure on the left side toj> does not show the injection of the 
opaque medium into the tubes. The top figure on the right side shows partial injection of the 
tubes. The first figure on the left side bottom shows complete injection of both the tubes and 
the figure on the right side bottom shows the opaque medium to reach eien the peritoneal 
cairry. 
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carotid artery, 669 
carotid body, 670 
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classification of arteries, 636 
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common iliac (left), 72 1 
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Arterio-venous anastomosis, 64 1 
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intertransverse ligament, 407 
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bga men turn nuchae, 407 
movements of vertebral joints, 406 
supraspinous ligament, 406 
Ascending colon, 885 
right colic flexure, 885 
AUanto-axia! Joints, 413 
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Auscultation, i 

Adtonomic nervous system, 1 133 
cortical and hypothalamic representation, i l 
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nerve supply, 947 
parts, 945 
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peritoneal relations, 943 
structure, 9fS 
trigone of bladder, 946 
vascular supply, 947 
Blood, 56 
bleeding' time, 33 
coagulation of, 33 
colour, 57 
consistence, 37 

detertnmauom of the Mood groups, i/l 
development of aeramilocytes, 65 
development of R.B.C , 62 
development of IV V C., 64 
haemolysis. 50 

haeinopoieiic tissue in t!»e adult, 62 
haetnopotetiC tmuc in the embryo, 61 
macrophage system, 65 
osmotic pressure of, 58 
re-action of, 57 
red blood corm«cJe>, 61 
relations of the blood transfusion to blood 
groups, GO 

reticulu-emlothelial system. 65 
specific gravd} of blood, 57 
white blood corpuscles. 63 
Blood supply of joints, 462 
Blood vessels, 633 
clinical aspects of 6-17 
Bones, 40 

chemical competition, 46 
classification of—. 40 
endochondral ossification, 47 
functions of — . 46 
gross ing end of a long bonr, 54 
growth of— > 54 
hormonal influences, 55 
in tra cartilaginous ossifieauon, 17 
laws of ossification, 51 
lymphatics of—, 53 
morphogenesis of—, 46 
nerve supply of—. 53 
nutriuon of—, 52 
nutritional factors, 31 
periosteum, 45 

parts of growing long bones, 49 
physical properties of—, 46 
regeneration of—, 56 
vital reactions of—, 36 
Brain, 101 1 

arachnoid of, 1012 
artery supply of. 1014 
Oottmrei of, 161 1 
c. s. fluid, 1014 
dura mater or, 1011 
hind, 173 
pin malfTof. 1013 
subarachnoid mater, 1013 
'sins and lymphatics, 1016 

Bronchus, 91/ 
structure, 919 
applied anatomy. 919 


Caecum, 631 
artery supply, Efi2 
interior, 882 
lymphatics, 633 
jneasureme/if, 6S2 
reTve sup^dy. E83 

tj-pes, C32 


Cal can cum, 303 
articulations, 307 
attachment, 308 
general feature, 305 
side determination, 305 
sustentaculum tali, 307 
Capitate, 254 
Capillaries, 639 
Cardiovascular system, 139 
atrium, 142 

„ —left, 144 

„ — right, 143 

heart, 130 
Carpal bones, 250 
Carpometacarpal joints, 436 
Cartilages, 37 
clastic, 39 
hyaline, 33 
white fibre, 40 
Cartilaginous joints, 393 
Cell membrane, 12 
Ccntriole, 12 

Central nervous system, 170, 999 
cerebral commissure* j 72 
corpus striatum, 17! v* 
diencephalon, 172 
mesencephalon, 173 
mctencephalon, 174 
myelenccphalon, 173 
rhombencephalon, 173 
telencephalon, 171 
Cerebellum, 1022 

archicrrebellum. 1028 
cerebellar nuclei, 1027 
functions of, 1030 
neo-cerebellum, 1028 
palco-cerebellum, 1028 
Cerebral hemispheres, 1036 
subdivision of, 1037 
sula and gyrt, 1037 
area— auduopsychic, 1041 
auditory, 1041 
frontal, 1010 
motor, 1042 
parietal, IftU 
post-centra], JOJIJ 
pre-central, 1040 
pyriform, 1041 
sensory area of, J012 
visual, 1040 
visuo- psychic, lot 1 
association fibres, 10-13 
caudate nucleus, 1047 
Choroid plexus, 10-19 
Commissural fibres, 1043 
corpus callosum, 1043 
f ornix, 1045 -1^ — - 

liner peduncular fossa, 1050 
Internal capsule, 1044 
Itinerant fibres, 1044 
Lateral ventricle, 1049 
Lentiform nucleus, 1046 
Lobes of, 1033 
Pyramidal tract, 1045 
Clavicle, 232 

difference between male and female, 23 J 
function of, 234 
general feature, 232 
ossification, 234 
particular feature, 233 
side determination, 232 
Comparative anatomy, 6 
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Genital system, 164 
descent of testis, 163 
external genitalia, 167 
ovary and it* duet, 1 66 
testis and its duct, 161 
Go'gt apparatus, 12 
Grey and white matter, 1000 


Ilairs, 1153 
Hamate bone, 251 
Heart. 650 
atrium (left), 66 1 
atrium (right), 655 
apex of the heart, 653 
base of the heart, 633 
blood supply of heart, 663 
chambers or the heart, 635 
conducting apparatus of the heart, 663 
evolution of heart. 650 
external feature, 652 
foetal circulation, 6G1 
infundibulum, 655 
interventricular septum, 662 
rune supply of heart, 663 
peculiarities of foetal heart, 663 
shape and form, 651 
size of heart, 652 
structure of heart, 662 
surface — sternocostal, 634 
„ — diaphragmatic, 651 

„ —left, 655 
ventricle (left), 661 
(right), 657 

ventricular septum. 602 
weight of hratt, 632 
Hernia, 580 
Hilton's Law, 403 
Hind brain, 1016 
fourth ventricle, 1017 
lateral region, 1017 
medulla oblongata, 1016 
posterior region, 1017 
pyramidal region, 1017 
transverse section, 1020 
Hip bone, 262 
acetabulum, 272 
general feature, 263, 268, 270 
particular feature, 265, 2G8, 271 
ossification, 273 
side determination, 2G3 
llip joint, 445, COD 

History ofX'Ka}, 2 

Humerus, 234 
general feature, 231 
particular feature, 239 
ossification, 240 
side determination, 234 
H>oid bone, 367 


Ileum, 877 

Importance of embryology, 83 
Inferior nasal concha, 35-1 
ossification, 355 
side determination, 354 
Interior of the base of cranium, 387 
Inspection, ! 

Inter carpal joints, 435 
Inter metacarpal joints, 437 
Inter phalangeal joints, 438 
Intrinsic ligaments of scapula, 420 


Jejunum, 877 


Karyokinesis, 14 
Kidney, 934 
applied anatomy, 940 
borders, 936 
blood supply, 938 
capsule, 934 
development, 942 
extremities, 935 
form, 934 
lymphatics, 942 
nerve supply, 912 
poles, 933 
renal sinus. 935 
section of kidney, 938 
situation, 934 
surface, 936 
Knee joint, 449 


Lacrimal bone, 353 
articulation, 354 
ossification, 354 
side determination, 354 
Lacrimal apparatus, 1168 
development, 1169 
lacrimal canaculi, 11 69 
„ duct, 1168 
„ sac, 1169 
lens, 1170 
lymphatics, 1168 
nerve supply, 1168 
optic vesicles, 1170 
shape, 11G8 
situation, 1168 
size, 1168 

Large intestine, 880 
larynx, 90G 

arytaenoid cartilage, 908 
' cavum laryngis, 910 
comiculatc cartilage, 908 
cricoid cartilage, 907 
cuneiform cartilage, 908 
development, 915 
epiglottis, 906 
joints of larynx, 908 
ligaments of larynx, 908 
lymphatics, 915 

mucous membrane of larynx, 911 
muscles of larynx, 912 
nerve supply 915 
piriform fossa, 916 
reccssus piriformis, 916 
thyroid cartilage, 907 
vascular supply, 914 
liver, 858 

circulation of blood in liver, 863 

deep lymph vessels, 865 

development, 866 

excretoiy apparatus, 067 

histological structure, 865 

ligaments, 862 

lobes, 860 

lymphatics, 864 

nerve supply, 864 

non-pen toncal areas. 861 

parietal surface, 059 

porta hepatis, 0GI 

section of liver, 864 

vascular supply, 864 
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Uwimniion 

lamd***.'*"*' P mt - 441 

Lunate, 2 j 1 

lame*. 

ape*. 927 

bU.!»27 

borders, 930 

diffcten". 931 

fissure, 931 
lateral surface, 0-7 

HiaHL 93! ✓ 

5,Xl.uA"jgS 

nerve »«pp»>» SJ ~ 

*«*• <J2U 

structure. 9J- 

vascular suppj). ;a3. 7R6 

o'S-on erf^m^. ?«? 

cintrn* ^ 791 

common dlue 1 » • •■ 
duip 1 .raC.Mfcl. N . 7J5 
function oft- *»• 
pttuc 1 > • 7 " 3 

ss s rr* s ' ,m 

intercostal 1* * 7 og 
innominate L 1 ■ j 

’• “ of neck. 790 

•• otihoravjj 3 , „ 

thoracic duct, / J 

sssrsfe" 

lymphatic* of joint., 403 


Mammary gist” 1 ’ 972 

bed, 077 

Wood supply. 073 
development, 974 
nerve supply. 973 
.nurture, 973 
Mandible. 360 

Maxilla, 3 j7 

• alveolar pme®^ 1 

frontal P«*5*t ,« 3G2 

maxillary air «"«• 3W 

ossification, 362 

palatine proceaO^ 

Ucomatic ptp^* 

. ° r 'Co“',ScuUlion,&l4 

!!*rs”5m’ 3 


MclU.it™ ofvn«™, 

Urfic,UP«?“ “ 

gM-g** 

^^vrlooment, low 


spinal meninges, 1002 
subdivision, 1005 
tract* of, 1007 
vascular wpply, 1003 
vein* of, 1001 

Metacarpal bone, -.5a . _ 

Metacarpophalangeal joints, 437 

MetapUsmic inclusion, 13 
Metatarsal bone, 311 

“SSS&fflm 

base, 1031 

cerebral petluncle, 1030 
geniculate bodies, 1032 
tectum, 1031 

tegmentum, 1031 

Middle cranial fossa, 339 

Mitochondria, 13 

Motor nerves. 1000 
Mouth. 1 IB, 001 
cavity, 803 
cheek, 001 


lip, 001 
vestibule, 801 
Movements of thumb, 43* 


Medulla ‘P‘ naui : ‘g 

ssrssi. 

section of, *°U J 


^abductor dinti nunirnt, 028 
alxluetor pollicw brevis, Jg 
abductor nolhcis longus, 563 
adductor brevis, 603 
adductor hallucu, 629 
adductor longus, 601 
adductor magmi*. 6(tt 
adductor polheu, Jb4 
anconeus, 558 
articularu K«‘ U ’® W 
bicep* brachn, >36 
biceps femons. biu 
brachialii, 537 

brachioradialis, 531 
buccmator, 482 

cardiac, 60 

carotid sheath, 49 

classification of muscle, 1b/ 

.ccorfin?™-"'™";! 68 

.. actions, 468 

■’ „ development, 468 

„U*,».ion, Of m™«lar mrmMh «• 
how muscles act, 473 
nerve supply urstnatedM., 475 
paradoxical actions of M , 4/4 

voluntary M.. 408 

striated M., 475 
clavi-pcctoral fascia, 520 
compressor nans, 4J3 

187 

coracobrachial is, 531 
conjoint tendon, 57b 
coccygeus, 59 j 

sssrs^™. «■*"”* 617 

SSfV 

jsssaaS- 


ssss 

depressor anguh o , 
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depressor labii talmorn, -481 
depressor iepti, 48-1 
deltoid, MS 
de\elopment of, 67 
dilator nans, 484 
digastric, 501 
d laphra vm, 58 1 
dorsal inteto»sei M , G19. 535 
effector spinae, 503 
extensor carpi raduhs longus, 5C1 

bro.it, 562 

ulnam, 563 
„ digitsirutn. 563 

„ digui mimmt, 568 
,, digitorwu brevis. 619 

). IdDRUI, 61 5 
„ hallucn longus, 616 
„ poUicn brevis, 566 
,, ,, longus, 565 

first palmar interosseous, 565 
flexor M„ 5-10 
flexor carpi ra/jialu, >45 

„ „ utnaru, 546 

„ diiflu minimi, 568 

„ tligiti mmiflii lirevit 630 

d i Riorum icmrniw, 628 
„ digitorum Ifcvn, G20 
i, „ longm, 621 

„ •, profundus. 5 18 

„ „ superficial)!, 516 

haljucu bro il, 629 
„ liallucit longus, 621 
pollini brevis. 564 
« .. longus, 565 

„ retinaculum of fool, 624 

„ „ of hand, 54a 

functional classification of lup joint, OW 
<■ >. of leg. 62* 

gastrocnemius. 619 
gemellus inferior. 609 
gcmdlia superior, GOB 
general classification, 487 
gmiogltjsius, 503 
geniohyoid, 503 
gluteus maxlmitt, G0-1 
„ maims, G(17 

„ minimus, 607 
eracilh, G 04 
hamstnugs, 610 
hybrid, 613 
byoglossus. 503 
ibocostocrn teaks, 51 1 
iliac fascia, 583 
iliactn, 982 

incuivuj labii infenons. 401 
ascitis us taint super iori.s, 481 
Inferior external retinaculum, 619 
inferior peroneal retinaculum, 619 
infraspinatus, 533 
\^Ruinal canal, 577 
internal oblique, 574 
interoualn iniermw, 571 
,, external, 570 
tntcnpinsln, 5t2 
jntertransvemni, 513 
imtohtnuiY, 6H 
ischiorectal fossa, 593 
Utissimus dorsi, 523 
levator ant, 59 > 

,, anguli oHi, 481 
i „ emtarum, 571 

„ Jsbii superiorts, 430 


levator tabii super ioi-lt alaeque na«i, 
,, palpebrae superioris, 486 
tongissimus capitis, 511 
„ cervieis, 51 1 

„ thoracis. 511 

lottgus capitis, 517 
.. coili, 518 j 

lumbrical muscles of foot, 628 
„ ofjtand, 554 

ma-ssetcr, 503 

muitifidus, 513 
muscles of abdomen, 573 
. of back, 507 

,, of gluteal region, 604 

of head, 47D 
.. of leg, C05 

.. of mastication, 503 

of neck, 479 

,. of pcrvertebral, 517 
, scalenei, 515 
of superior extremity, 518 
„ of thigh, 596 
mylohyoid muscles, 502 
obliquus capitts inferior, 515 
obliquus capitis superior, 515 
,• extemus abdominis, 573 
obturator extemus, 607 
„ interims, 607 
occtpito-fronnlii, 4B7 
omohyoid, 500 
opponent digit! minimi, 568 
opponent poliicis, 367 
orbicularis oculi, 485 
orbicularis orit, 479 
palmar aponeurosis, 530 
palmar intcrossei, 556 
palmaris longuj, 5*5 
pcctineus, G0-1 
peetoralu major, 519 
„ minor 521 
peroncus brevis, G23 
„ longus, 623 
„ tertius, 616 
piriformis, 609 
plantar aponeurosis, 623 
plamaris, 620 
platyrma, 488 
popbieus,-614 
pmrachrat fascia, 490 
prevertrbral fascia. 490 
„ muscle, 517 
procerus, 48* 
pronator teres, 543 
„ quadrahw, 545 

psoas major, 562* 

,, minor, *582 
pterygoidrus lateralis, 505 
„ rnediahs, 505 
Pyramids tu, 580 
quadrangular space, 532 
quadratic femoru, 609 

lumborum, 584 
quadriceps femoris, 598 
rectui abdominis, 579 
rectus capitis anterior, 518 
„ „ lateralis, 518. 

,, ,, posterior major, 515 

,, „ „ minor, 5t5 

rectus sheath, 570 
rbotnboidcus major, 526 
„ minor, 528 
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risorius, 481 
rotatores, 514 

sartorius, 601 
scalenus antenor, M3 
t medius, al6 

” posterior, 516 

senalus antenor, 526 

postenor inferior, -»/z 
” f superior, 572 

semimembranosus, 6 1 2 

semitendmosus, 61- 

soteus, 619 

space, distal pulp, 5ai 

dorsal subaponeurotic, 5a a 

” n subcutaneous, 553 

” hypolhenar, 553 

" mid-palmar, 552 

n thenar, 552 

splenitis capitis, 508 
t cervicis, 508 

spinalis capitis, 510 
cervicis, 510 
' thoracis, 510 

sternocleidomastoid, 491 

sternohyoid, 500 
sternothyroid, 500 
striated, G7 

histological structure, 67 
stylohyoid, 502 

styloglossus, 50o 

stylopharyngeus, 50o 

subanconeus, 539 
subdavius, 521 
subscapulans, 532 
supraspinatus, 529 

sri— r 619 

” of superior extremity, 518 

” ” of thigh, 596 

temporal fascia, 503 
temporalis, 503 
teres major, 530 
minor, 533 

tensor fasciae latae, 601 

tendocalcaneus, WU 

tibialis antenor, 615 
tibialis posterior, bzz 
, thyrohyoid, 501 . 

transversus abdominis 576 

Uansversus thoracis, 571 
, transversahs fasaa, 581 
. triceps brachu, 538 

trans verso spinalis, 512 
i trapezius, 492, 523 
tnangle, anal, 592 
1 antenor, 496 

ausculation, 525 
’’ carotid, 499 

deltoido-pectoral, 519 
" digastric, 499 

’’ inguinal, 580 

” lumbar, 526 _ 

” occipital, 495 

posterior, 495 
’’ submental, 500 

sub-occipital. 514 
„ supraclavicular, 496 

„ urogenital, 589 

vesceral, 68 

urogenital diaphragm, 591 


Muscular tissue, 66 
varieties or ,67 

Nasal bone, 356 
ossification, 356 
side determination, 356 

Nasal cavity, 118, 393,900 
blood supply, 903 
nerve supply, 903 

Nasal sinus, 903 
ethmoidal, 905 
frontal, 903 
maxillary, 905 _ 
sphenoidal, 905 
Navicular bone, 308 
articulation, 309 
attachment, 309 
general feature, 308 
side determination, 308 
Nerve or Nerve fibre, 75 

Glood supply, 78 

classification, 75 
degeneratne cliange, 77 
extcroccptor, 78 
injury of—, 77 
proprioceptor, 80 
regenerative change, 78 
sensory end-organs, 78 R , 

sensory end-organs of special senses, Bi 
Nerves (cranial), 1050 
abducent, 1067 
accessory, 1078 
auditory'. 1071 
facial, 1067 

glossopharyngeal, 1072 
hypoglossal, 1079 
oculomotor, 1055 
olfactory, 1051 
optic, 1053 
trigeminal, 1057 
trochlear, 1056 
Nerves (spinal) 
axillary, 1099 
brachial plexus, 91, 1087 
ns branches, 91, 1087 
cervical plexus, 81, 1083 
its branches, 84, 1083 
dorsal (penis), 1021 
dorsal (rami), 1081 
femoral, 1013 
first thoracic, 1007 
genitofemoral, 1112 
gluteal, 1123 
iliohypogastric, 111* 
ilioinguinal, till 

intercostal, 1108 
intermediate cuian«)us, 1113 

internal carotid, 1135 
lateral cutaneous, 1115 
lumbar plexus, 11 10 
median, 1 100 
medial cutaneous. 11 1 
musculocutaneous, l UW 

—to the quadratus femora, 1123 
—to the obturator mtermB, 1 123 
v^bturator, 1H5 _ 

perineal, 1121, 1123 
peroneal, 

plantar, 1127, 1128 
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paraxial mesoderm, 104 
pre-cmbryonic period, 93 
segmentation, morula and bltutula, 95 
Sub-division of joints, 397 
Stmtum, 213 
development. 2i6 
general feature, 213 
ossification, 216 
particular feature, 213 
Sletiwxlavicular joint, 418 
Stomach, 851 
absorption, 857 
anrry supply, 854 
elimination, 857 
/wirbwt 836 
hormonal function*, 857 
hmphatics, 834 
movement, 857 
perve supply, 855 
radiology, 858 
structure, 855 
Structure of arteries. 63-1 
Smirlure of veins, 644 
Surface markings of Abdomen. 1 183 
aorta, 1196 
ascending colon. 1186 
bitrduct, (189 
««ura, 1186 
colic flexure. 1189 
descending colon, 1 187 
duodenum, 1183 
gall bladder, 1189 
hepatic artery, 1192 
iliac arteries, 1 100 
iliac errst, 1184 
iliocolic valve, J 186 
inferior epigastric artery, 1 184 
vena cava, 1192 
inguinal canal, 1 184 
„ ring, 1 181 
kidney. 1 189 
lateral plane, 1181 
left gastric artery*, 1 191 
hgamentum teres hepatis, ) 184 
lineaalba, 1183 
„ semilunaris. 1183 
liver, I IBS 

lumbar triangle. 1184 
MrJJurney’j point. 1 187 
mesentetie artery, 1192 
pancreas, 1185 
portal vein, 1192 
toot of mesentery, 1188 
tplem, 1 189 
splenic artery, 1191 
stemo-tmiform point, 118} 
stomach, 1184 
sulienstal plane, 1 161 
tramp} lone plane, 1 183 
irafwtulxrrrtilar plane, 1181 
transverse colon. 1 )8T> 
umbilicus, 1183 
meter, 1189 

vermiform appendix, 1 167 
Surface Markings of Inferior F.xt remits-. 1208 
adductor tubercle. 1208 1 

»nlde joint hw, J2Q9 
anterior tibUl artery, 1209 
Ml nil dorsalis Twin, 1200 
caleantixuboid joint, 1209 
extensor retinaculum, 12(1 
femoral artery, 1209 


femoral nerve, 1210 

flexor retinaculum, 1211 

greater trochanter of the femur, 1209 

head of fibula, 1208 , .1 

hip joint, 1208 vj 

knee joint, 1203 i. , 

peroneal tubercle, 1209 ” t| 

plantar artery, 1209 

popliteal artery, 1209 

popliteal nerve, 1211 

saphenous nerve, 1209 

saphenous vein, 1209 

sciatic nerve, 1210 

sural nerve, 1209 

mttenUcvtam ls)i, )209 

larso-tnetatarsal joint, 1209 

libial artery, 1209 

tibial nerve, 1211 

tubercle of metatarsal bone, 1209 

tuberosity or navicular bone, 1209 

Surface Markings of Head & Neck, 1202 
accessory nerve, 1203 
asterion, 1202» 
central sulcus, 1202 
cervical sympathetic trunk, 1208 
external carotid artery, 1206 
facial artery, 1205 
facial vein, 1206 
frontal air limn, 1200 
gUbeMsr 1202 

glossopharyngeal nerve, 1207 • 
hypoglossal nerve, 1207 
imon, 1202 

internal carotid artery, 1205 
jugular vein, 1207 
lamda, 1202 
lateral sulcus, 1203 
„ ventricle, 1203 
lingual artery, 1205 
maxillary air sinus, 1200 
middle meningeal artery, 1206 
motor area. 1203 
nation, 1202 
occipital artery, 1205 
parotid duct, 1200 
gland, 1206 

parietooccipital sulcus, 1203 
phrenic nen c, 1208 
Reid’s base line, 1206 
scalenus anterior muscle, 1208 
sensory area, 1203 
sigmoid smut, 1204 

submandibuular gland, 1206 

superior sagittal sinus, 120-1 fj 

tenon, 1202 

thyroid gland, 120-1 

tonsil, 1206 

transverse sinus, 120-1 

tngcminal ganglion, 1203 

vagus nerve, 1206 

Surface Markings of Superior Extremity, 
axillary artery, 1198 
axillary nerve, 1200 V 

brachial artery, 1193 
deep palmar arch, 1200 
coracoid process, 1 193 
elbosvjoinr, 1200 
extensor retinaculum, 1201 
flexor tendons, 1201 
median nerve, 1200 
muiculo-eutaneous nerve, 1200 
radial artery, 1 198 
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at nerve, 1200 

frfictat palmar arch, 1 159 

ryial sheath, 120 1 

! .. *199 

l** ' '00 

I of Thorax, 1192 

f , 1194 

1 i-ventricular groo\e, 1191 

tehi, 1196 

mon carotid artery, 1191 
■rt, 1193 

ominatc artery, 1191 

rrnai thoracic artery, 1192 

gs, 1196 

aphagus, 1196 

'raeje duct, J 195 

:hea, 1196 

damn artery, 1194 

•erior vena cava, 1195 

athetic lyttan, 1133 

lateral gangtia, 1 134 

mer’s syndrome, 113? 

abar part of sympathetic*, 1 138 

w of sympathetic*, 1 136, 1138 

cut of , 1140 

rial joint, 398 

dal membrane, 398 

malic Anatomy, 4 

irenal gland, 983 

STiSSf” 5 

'dopment, 936 
iphatics, 985 
ve supply, 985 


pe, 9B3 
‘Clure, 988 


1 bom, 302 
•1 joints, 460 
“-metatarsal joints, 464 
1,603 

ssification, 803 

whs, 805 

iphatics, 886 

vt; supply, 806 

is, mi 

ts, 805 

icttirc, 805 

seb, BOG 

■oral bone, 343 

‘told process, 315 

fixation, 349 

raw part, 346 

amous part, 343 

ipanic part, 349 

•oro-mandibubr joints, 415 

,987 

erjngs, 987 
cent of testis, 990 
dopmcjit, 990 
lidymis, 988 
*maculum testis, 990 
iphatics, 988 
vo supply, 988 
dure, 983 
deferens, 993 
mlar supply, 983 
■fata, 1032 
Unctions of, 103! 
r lions of, 1034 


Third ventricle of brain, 1031 
cavity, 1035 
comnvmications, 1035 
epithalamus, 1035 
hypothalamus, 1036 
mata thalamus, 1036 
mamillary body, 1036 
roof, 1034 

tuber doe-mint, {036 
wall, 1035 
Thoracic cavity, 92 1 
Tibia, 292 
general feature, 292 
ossification, 298 
particular feature, 294 
side determination, 292 
Tibio-fibuiar articulation, 455 
Tissues of the body, 16 
introduction, 16 
histological technique, 16 
permanent preparation, 17 
temporary preparation, 1 7 
Thymus, 994 
.Thyroid gland, 978 
capsules, 978 
v^devdopment, 981 
histology, 982 
lymphatics, 980 
measurement, 978 
nerve supply, 980 
parts, 978 
weight, 978 
vascular supply, 980 
.Tongue, 807 

development, 813 
function, 810 

histological structure, 813 
lymphatics, 811 
movement, 812 
muscles, 810 
mucous membrane, 807 
nerve supply, 811 
papillae, 808 
root, 807 
tajte buds, 814 
vascular supply, 61 1 
Trachea, 916 
artery supply, 917 
course, 916 
development, 917 
lymphatics, 917 
measurement, 916 
nerve supply, 917 
relation, 9 J G 
Transverse colon, 886 
left colic flexure, 887 
Transverse plane, 9 
Tra pedum, 252 
Trapezoid, 253 
Triquetral bone, 251 

Typical X’Rav tubes of simple design, 3 


Ulna, 246 
general feature, 246 
lower end, 247 
ossification, 249 
particular feature, 248 
side determiiiation, 246 
shaft of ulna, 2 17 
Umbilical cord, 1 1 7 
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Ureter, 942 
Urethra {female). 

„ (male) 9}«l 
Urinary System, 157 

anomalies of kidney, 1 W) 
development of kidney, 157 
fatr of mesonephros, 162 
„ Wolffian duel, 162 
parameaoncphric, lbi 
iiirsouephrus, 158 
ntrbinrphroi, 159 
jironephros, 157 
urinary bladder, lb! 
urethra. 161 T^* 

Uterine tube, 971 
Uterus, DM 
area, 965 
cervix uteri, 9Gf» 
development, 969 
isthmus, 966 
parti, 964 

peritoneal relation, 961 
supports of uterus, 966 


Vascular System, 143 
anterior cardinal veins, 152 
arterial system, 145 
arteries of lower limb, 1 30 
arteries of upper limb. 149 
dona! aorta, 147 
♦ \cnoui system, 152 
ventral aorta, 146 
umbilical reins, 156 
vitelline reins, 153 
Veins, 043 
appendicular v , 778 
ascending lumbar v„ 77 2 
axillary v.. 7C9 
nrygos v., 761 
basilic v., 768 
brachiocephalic \ , 761 
cephalic v , 767 
classification of r , 613 
common iliac r . 772 
deep veins of inferior extremity, 780 
diploic v , 746 
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